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PREFACE 


As an editor, the author’s heart has often ached at the manner in which contributions to tech- 
nical journals of permanent value and usefulness form a procession to the limbo of forgotten things 
and benefit none but those under whose eyes they happen to fall at the date of publication. This 
volume is primarily an effort to rescue from the oblivion of the out of print such contributions as are 
of direct use in the design of machinery. The search for material has not, of course, been limited to 
periodicals but has extended to the transactions of many engineering societies, wherein information 
is nearly as effectively buried as in the back numbers of periodicals. In filling the gaps that remained 
after the search was completed, willing friends have come to the author’s assistance. 

Not only is this the way in which this volume has been prepared, but the author is convinced that 
it is the only way, and, more than this, that there should be deliberate co-operation between con- 
tributors, editors and collectors, with efforts focused on books of this character as the ultimate outcome. 

To be more specific, the author is under no delusions regarding the many things that should be 
between these covers but that are not, nor of those others of which the data presented are inadequate 
but, now that a place has been provided for the preservation of information of the sort here gathered 
together, he hopes that increased activity in the preparation and the publication of such information 
will follow. He will certainly be glad to do his part toward the incorporation of such information in 
future editions. Assistance may be rendered in other ways than by preparing contributions. Wide 
as the search has been, it is not possible that all of the articles and papers that contain desirable data 
have been discovered. Those who know of such sources of information are invited to forward memo- 
randa of the places where they may be found. 

Due credit to those who have supplied material will be found scattered through the volume. 
From the many who have given willing help it is almost invidious to make selections, but the author 
feels that it would be an injustice not to make special mention of Mr. J. A. Brown, Mr. Axel Pedersen 
and Prof. J. B. Peddle. Ba A. ee 


New York, 
November, 1913. 
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HANDBOOK FOR 
MACHINE DESIGNERS AND DRAFTSMEN 


MECHANICAL PRINCIPLES OF DESIGN 


“When a thing is wholly right it is pretty sure to look right, 

though it may be pretty bad and appear to be fairly good or be 
absolutely bad and not appear so to the casual observer. 
When a thing is known to be bad and it looks right to an observer, 
it.is time for him to cultivate his taste. When a thing is 
bad if carried to an extreme, it cannot be right when carried only 
part way” (Professor Sweet). 


Equal Length Wearing Surfaces 


“The thing that does not tend to wear out of truth does not 
wear much. The thing that wears out of truth is never 
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machine wears in the same way and for the same reason. In both 
cases the conditions favor local wear. Were the stationary and 
moving pieces of the same length, neither would wear hollow, and 
truth in both cases would be indefinitely prolonged. With this con- 
struction, local wear being impossible, the form, and hence the fit, 
are preserved indefinitely. 

Applications of the principle are shown in Figs. 1-5. Fig. 1 shows 
the equal length guide and platen of a Becker milling machine and 
Fig. 2 the head stock of the Newall measuring machine, in which 
latter the principle is especially important. The measuring screw 
a and its nut are of the same length, by which local wear, which 
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Fics. 1 to 5 Examples of equal length wearing surfaces. 


right long and never gets fixed until it is too bad to use” (Professor 
Sweet). 

Next to extent of wearing surface, the chief essential of dura- 
bility is fit. Whatever destroys fit limits durability. The chief 
enemy of fit is local wear, because local wear means change of 
shape and hence loss of fit. Conditions that favor local wear favor 
short life. 

The stationary cross rail of a planer wears hollow at the center 
because it is most used there. The moving platen of a milling 


would destroy the accuracy of the machine, is prevented. Figs. 
3,4and 5 are by PROFESSOR SWEET (Amer. Mach., Nov. 17, 1904), who 
originated the principle. Fig. 3 shows the usual and bad construc- 
tion of steam-engine valve-rod guides and Fig. 4 the correct construc- 
tion in which the sliding surfaces are of equal length. Forty or 
fifty engines made in this way showed no wear after twelve or fifteen 
years of use while, should they wear, the slack can be taken up with- 
out refitting the wearing surfaces. Fig. 5 shows an application to 
the slide valve of acommon steam engine. As commonly made, these 
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valves have the seat so long that the valve overruns but a short 
distance, the construction being due to the impression that in- 
creased surface gives increased life. This is bad practice, as the seat 
always wears concave. If it is designed to have the valve cut off at 
three-quarter stroke, the lap of the valve will be one-quarter the 
travel. If the ports and bridges are also one-quarter the travel, 
then by cutting away the valve face until it is only as long as the 
valve, as shown in Fig. 5, there will be the same wearing surface on 
the seat as on the valve and the two will remain straight and keep 
tight much longer than if made the common way. 

There are cases to which the principle does not apply, an example 
being the beds and tables of planing machines. Here the chief load 
on the V’s is the weight of the table which is not very stiff vertically. 
Were the bed and table of equal length, the flexibility of the table 
would lead, as it overruns, to a concentration of pressure at the ends 
of the bed and near the center of the table, leading to wear of the bed 
into a convex and of the table into a concave shape. In this and 


and that is not apt to be done; while, if cut away too much, the result 
will be no worse than if cut away too little by the same amount, 
that is, it will still be better than if not cut away at all. Like the 
factor of safety, the amount to be cut away is a matter of judgment 
at first and of experience later. 

In all cases the wearing surface of the guide should be cut away 
so that the slide shall overrun at the ends. 

Assuming that the use of the head at different locations is pro- 
portional to its distance from the center of the rail, which is not far 
from average conditions, the correct method of laying out the 
widths of the parts to be recessed and of those to be left as lands 
is shown in the diagram below the cross rail. Draw the diagonal 
line across the guide surface.. Locate the edge of the first recessed 
portion at a, when the distance from a to b gives the width c of the 
space to be recessed and the distance from d to e gives the width f 
of the land. Similarly, gh and 7j give the width of the next space 
and land and so on to the end of the rail. The recesses are, of course, 


Fic. 6.—Bearing surfaces in proportion to use. 


similar cases the bed should be the longer, F. A. Pratt’s rule for 
planers under average conditions being that the length of the sur- 
faces should be in the ratio of 17 to 12. 


Equalized Wearing Surfaces 


There are other cases in which the principle cannot be applied 
for obvious reasons, examples being the cross rails and saddles of 
planing and planer-type milling machines. In many such cases, 
including these examples, an alternative construction (also due to 
Professor Sweet) is available. As he has put it, “‘when conditions 
are known, flat guides may be made to stay flat and when condi- 
tions are not known, common practice may be improved.” The 
principle here is to make the wearing surfaces proportional to their 
use. Fig. 6 shows this principle applied to the cross rail of a travers- 
ing machine, which is primarily a vertical spindle milling machine 
of the planer type. In the case of a planer the head on the cross 
rail does not move under the cut, whereas, in this case the head 
travels across under the cut. Hence, it was found that the cross 
rail wore out in the middle, and the cross rail was recessed as shown 
by the shaded sections, thus reducing the wearing surface where the 
head is used the least and equalizing the wear. This principle can be 
applied to great advantage wherever the wear is unequal. The 
exact extent to which it can be carried is undeterminable, because 
it is impossible to know how much the machine will be used with the 
head in the center or at the ends, but, as the surface is cut away, the 
result will be progressive improvement until too much is cut away 


shallow—the principle is to get rid of the wearing surface where it 
does harm. 

In Professor Sweet’s traversing machine, as first made without 
the cut-away feature, the rail required refitting after two years’ 
use, while, after it was cut away as above, it ran six years before re- 
fitting was necessary. Similarly a shaper slide, as first made without 
the cuts, required refitting after two or three years’ use, while after 
being cut away it ran fifteen years. 

Another illustration of the principle that things that do not tend 
to wear out of truth do not wear much, is found in the Schiele curve 
bearing, which see. The principle of this construction is uniformity 
of wear and it has remarkable durability. There is no question 
that its merits are not adequately appreciated. 


The Narrow Guide 


The narrow guide was first used by Professor Sweet on his travers- 
ing machine in 1886. The cross rail of that machine is shown in 
Fig. 7. Its merits, as contrasted with those of the usual construc- 
tion, may best be realized by imagining the usual construction ex- 
aggerated in height, when its weakness against side tilting and its 
tendency toward local wear at the ends of the short guiding surfaces 
will be realized. Just as the usual construction is better than the 
exaggerated illustration, so the narrow guide is better than the usual 
form. The construction is such that there is vertical clearance at 


the top of the cross rail, the weight of the head being carried by the 
gib at the bottom. 
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Fig. 8 shows the narrow guide as applied to a lathe bed by John 
Lang and Sons, while Fig. 9 shows the natural development of the 
principle as adapted to the American V guide, the illustration being 
an end view of the Brown and Sharpe grinding machine. Professor 
Sweet advocated and practised.the single V guide for lathe con- 
struction as early as 1876. Another application is found in the cross 
rail of the Bullard boring mill, Fig. ro, and still another in the arm 
of the Cincinnati-Bickford radial drill arm, Fig. 1 st 


Tubular Torsion Members 


“The box section is the best form metal can be put into to resist 
the various strains machine frames are subjected to”? (Professor 
Sweet). 

The readiest way for the designer to learn the value of the tubular 
section as a torsion member is to compare, by twisting in his hands, 
two pieces of common pasteboard mailing tube, one complete and 
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The weakness of the slit tube is due to the absence of any pro- 
vision for the longitudinal shearing stress. If, to meet structural or 
operative conditions, it becomes necessary to cut holes through the 
tube, it may be done without serious harm provided ample metal 
is left for the shearing stress. 

The torsional stress on that member would make the bed of a lathe 
an ideal place for the tubular section, but for the necessity for get- 
ting rid of the chips, which makes the application of the complete 
tube impracticable. The Tangye lathe bed, Fig. 14, illustrates how 
the practical necessities can be met and most of the rigidity of the 
tubular section be preserved. Note that, in a partial tube of rec- 
tangular section, wide flanges aa are highly important. 

In planer beds, unlike lathe beds, there is nothing to prevent the 
use of the tubular section with such openings as are required for the 
gears. The continued use of the ladder bed for planers is due to 


nothing more creditable than custom and precedent. 


Fics. 7 to ro.—Examples of the narrow guide. 


the other slit down its length as shown in Fig. 11. The difference, 
which is simply startling and can scarcely be expressed in figures, 
is not a matter of the material but of the construction. Relatively 
speaking, the same difference exists between a cut and an uncut 
tube of iron. No possible addition of material can make up the 
loss due to slitting a tube. Next to a lath, the very common I- 
beam section, while ideal to resist bending, is about the worst pos- 
sible distribution of metal to resist torsion. 

An excellent example of the use of tubular sections in appro- 
priate places is seen in Fig. 12, by the Beaman and Smith Co., in 
which both bed and upright are tubular. Another example is seen 
in Fig. 13, which is a section of the arm of a radial drilling machine 
by the Cincinnati-Bickford Tool Co. In the latter case the tubular 
section is combined with another correct construction—the narrow 


guide. 


The Division of Functions 


Many cases of improved design, when analyzed, are cases of the 
division or separation of the functions. ‘The principle is of consider- 
able application and deserves to be recognized. 

The most common application of the principle is the well-known 
Pratt and Whitney pattern of turret lathe index ring and latch bolt, 
Fig. 15. Were the notches and bolt made of truncated V form, both 
sides would be equally concerned in the functions of locating and 
moving the plate, both must be made with equal accuracy and both 
would be subject to wear. In the construction shown, the functions 
are divided, the radial side doing the locating and the inclined side 
the moving to position. The result is that the radial side only need 
be of refined accuracy, while the wear is chiefly on the inclined side 
where it does no harm. 
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Another case is found in the loose center piece snap gage, Tig. 
16. In the usual form of snap gage, one piece of metal determines 
the size of the gage and of the piece of work measured, In the form 
shown, the functions are divided, the center piece determining the 
size of the gage, while the jaws determine the size of the work. Wear 
is confined to the jaws and, after it occurs, the gage may be brought 
back to its original size by removing the jaws and lapping them flat. 
Note that, if a limit gage is to be made, further division of function 
must be made if the full advantage of the construction is to be real- 
ized. One jaw must be divided as in Fig. 17, the limits being made 
on the center piece, by which plan both limits once made, are per- 
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Fics. 11 to 13.—Examples of the tubular torsion member. 


easily be reduced by reversing the position of the hub as in Fig. 19, 
by Prorgssor Sweet (Amer. Mach., Dec. 8, 1904). ‘The improve- 
ment is obvious and it costs nothing. 


The Center of Pressure should be at the Center of a Bearing 


The neglect of this principle is almost universal and leads to the 
bell-mouthed wear of the bearings—that is to local wear which 
always leads to short life. The correct construction is not always 
possible, although it is possible in many cases in which it is not 
used. A common case of bad construction is that of the rock shaft 
introduced to provide for the offset of the eccentric and valve rods 


Fic. 16. 
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Fics. 15 to 17.—Examples of the division of functions. 
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Itc. 14.—Example of a compromise tubular torsion member. 


manent the lapping of the jaws flat being all that is necessary to 
remove the effects of wear. 

Another case is found in the Newall measuring machine head, 
Fig. 2. The functions of traversing and of carrying the weight of 
the parts are here divided, the screw a doing nothing but the travers- 
ing, bearings bc being provided to carry the weight. The chief 
cause of wear of the most essential piece—the screw—is thus removed. 

All these are cases of obvious improvement and they are all 
applications of the principle of the division of functions. 


Reducing the Overhang of Cranks 


The common method of making overhung cranks with the hub on 
the rear side, Fig. 18, leads to an amount of overhang which may 


of slide-valve steam engines. In the common construction, Fig. 20, 
the tendency is to oscillate back and forth around a vertical center 
line, wear the hole bell-mouthed at both ends and wear off the shaft 
in like manner. Fixing the rocker to the shaft as in Fig. 21 is better, 
as it not only throws the bearings farther apart but they are better 
lubricated as the oil can be introduced on the slack side. Such 
rocker arms are best when cast of hollow box section, as that form is 
best to resist torsion. 

Where a form such as shown in Fig. 22 can be used, it is a great 
improvement if a line drawn from the center of one wrist to the center 
of the other passes centrally through the main bearing. The form 
shown in Fig. 23 is better still, for the reason that Fig. 21 is better 
than 20. 
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The same principle is embodied in the form shown in Fig. 24, 
which, however, requires ball connections for the eccentric rod, 
although it requires much less of a projection for the supporting 
bracket (Professor Sweet, Amer. Mach., Dec. 8, 1904). 


Frames and Supports. 


“Whenever inconsistent or useless things are stuck on to improve 
the appearance, they always fail. To be good, a design must be 
consistent” (Professor Sweet). 

Any machine frame standing on three legs is free from twisting 
stress and from the resulting distortion. When machines have con- 
siderable height, as in the case of a lathe, the omission of one of the 


Fic. 18. 
Fics. 18 and 19.—Reducing the overhang of cranks. 


Fic. 19. 
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Fic. 22, Fic. 23. 


Fics. 20 to 24.—Correct and incorrect constructions of rocker arms. 


customary four legs would lead to a lack of stability, but this condi- 
tion can be met by swivelling the leg to the frame as in Fig. 25, which 
shows the construction used at this point in Professor Sweet’s Artisan 
speed lathe, which also has a tubular bed. 

The customary location of supports under the extreme ends of 
machine frames leads to an unnecessary increase of span and of 
spring, while the placing of a third pair of legs under the center 
should be a last resort. Machines should be complete in themselves, 
whenever possible, and not depend on foundations for maintenance 


of form. In the planer bed, Fig. 26, the distance between the sup- 
ports is no greater than in Fig. 27, and as the center of the load in 
planing would, in no case, overhang the supports more than a slight 
distance, the construction shown in Fig. 26 is quite as well supported 
as the other, and if the iron in the legs and the work to fit them were 
put into the casting, the bed could be brought down to the floor as 
in Fig. 28, greatly improving the structure. 

Were the bed made of tubular section, with one leg under the back 
of each housing and one under the middle toward the other end, the 
results would be still better. Such a planer could be set anywhere 
on anything solid, and that is all that need or can be done (Professor 
Sweet, Amer. Mach., Mar. 9, 1910). 

An example of correct frame design and support on these principles 
is seen in Fig. 29, which shows a Norton grinding machine. The 
underneath view shows the arrangement of the three points of 
support and of the connecting ribs. 

One of the main points in designing frames is not to expose thin 
sections, as in the case of holes through plates and webs. In a stand- 
ard or column 12 ins. on the sides, or in diameter, the exposed sec- 
tions should not be less than 14 ins.; or, to make a rule, the exposed 
sections should be equal to an eighth of the extreme faces, as in Figs. 
30 and 31. External beads should not be employed, because they 
convey an idea of thin sections unless their width corresponds to 
the flange e, or to the base flanges of the frame. 


Example of a pivotted tailstock lathe leg and tubular bed. 


Eres 25: 


Another feature that has a good deal to do with the symmetry of 
frames is the thickness of base flanges. These should follow the rule 
of exposed sections and equal an eighth of the faces or the diameter 
of the trunk above when the latter is either round or rectangular. 
This is required not only to produce harmony of dimensions, but to 
insure against accident by fracture. 

The base flanges for frames or pedestals larger than ro ins. in di- 
ameter should be cored out beneath, as shown in Fig. 32. The top 
corners of base flanges, when of the proportions named, should be 


Fics. 26 to 28.—Correct and incorrect supports for planers. 
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rounded to a radius of about one-fourth the thickness so as to 
avoid the contour indicated in Fig. 33, which is a monstrosity of 
the ‘“‘ogee’’ order of architecture. 

Struts are difficult things to bring into harmony with machine 
framing, especially when connected to cylindrical or rectangular 
sections as in Figs. 34, 35 and 36. When the frame is cored as in 
Fig. 35, the best way is to use a solid section for the strut as at a, 
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Fic. 29.—Example of correct frame design and support. 


Figs. 34 and 36, the corners being slightly rounded so as to harmonize 
with the other members but never made semicircular. This is 
always wrong and looks so. 

Struts, ties and braces should be in straight lines, unless set in 
curved intersections for reinforcement, as at e, in Fig. 37. If the 
corner at a is of short radius, as in pipe flanges, the brace e should be 
straight. 

In rib sections, of which Fig. 38 shows examples, there is the com- 
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Fics. 30 to 41. 


FIG, 37. 


mon mistake of considering the web a as a principal member and the 
flange eareinforcement. ‘This leads to a thicker section for the plate, 
and is a waste of material. The web a is no more than a brace or 
tie, and should always be made as thin as it can be cast without cool- 
ing strains, usually not to exceed one-half as thick as the members e. 

The curved form for bracing ribs as in Fig. 3 is still adhered to in 
most cases by habit, and because we reluctantly abandon the old 
idea of curves and ornament, but we are fast reaching the point when 
the shape shown in Fig. 40 will be substituted for the curves. 

Fig. 41 shows a cored section which is especially suitable for large 
frames, and conveys an idea of an indented surface rather than of 
ribs, and is a means of relieving broad, flat surfaces that always look 
‘“‘skinny” unless perfectly flat and smooth. It also forms a reinforce- 
ment of corners, which are the weakest part, and for any machine 
of fine character the corners can be finished (John Richards, Amer. 
Mach., June 8, 1899). 

The outline sketch, Fig, 42, shows an appropriate base form from 
which to derive suitable frames for a great variety of purposes. 
Appropriate modifications to provide a base and attachments for 
bearings are shown in Fig. 43. 

It will be a matter of astonishment to those who have not pre- 
viously considered the matter, to discover the extent to which this 
form of the projecting beam or bracket enters into machine-tool 
framing. In that type called vertical machines, such as those for 
drilling, slotting, and planing, nearly all have this feature, and it 
has beside a wide place in horizontal supports that project from the 
main standards, such as tables for drilling, or other purposes. It is, 
therefore, well worth considering as a distinctive feature in design. 

This form of standard is often spoiled by inharmonious bolted- 
on parts, such as have a ribbed section when the main member is 
hollow or cored. This is an incongruous thing, too common in 
practice. There is nothing saved and generally something lost by 
attaching ribbed parts to box framing. Good practice demands that 
all bearings requiring positive alignment be cast integral with the 
main frame and in harmony therewith (John Richards, Amer. Mach., 
May 25, 1899). 


Charts in Systematic Design 


The use of charts in systematic machine design is illustrated by a 
very simple case in Figs. 44-47 by H.S Brirr (Amer. Mach., Mar. 
22, 1906). 


Game 


Examples of correct and incorrect machine frames. 
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Assuming a line of sizes of any part of a type in which judgment 
is the chief element in the design to be in contemplation, two sizes 
near the extremes are first designed, after which the intermediate 
sizes are taken direct from a diagram, Fig. 46, which is first laid 
down to the sizes already designed. 

For example, suppose it is desired to get up a line of boxes, such 
as are shown, for shaft sizes from }} in. to 24% ins. inclusive. 
First the }§-in. size, Fig. 44, and the 2}-in. size, Fig. 45, would 
each be laid out, the design and proportions being determined 
by the judgment of the designer. The chart, Fig. 46, is then con- 
structed by plotting the values of each dimension for the large and 
small sizes and connecting the plotted points by straight lines, when 
the ordinates corresponding to the intermediate sizes determine that 
particular dimension for those sizes. The letters showing to what 


dimension each line refers correspond to those in Fig. 47. Part of 
es al 
RIG. 42: Fie. 43, 
Fics. 42 and 43.—Correct frame construction. 
the lines are laid off to the scale on the right side of the chart. These 


are distinguished from the remaining lines, which are to the scale on 
the left, by being dotted. From the chart the table, Fig. 47, is 
filled out. 

For instance, suppose it is desired to find the width D for the 44- 
in. size. On the chart the intersection of the vertical line marked 
4% and the inclined line D is found to be close to the horizontal 
line corresponding to 23 in. on the right-hand scale. The dimension 
thus obtained is entered in the table. 

It will be noticed that there are no lines on the chart for dimensions 
FandG. A line is plotted for the distance from the center of the bolt 
holes to the outside of the metal around the bearing, or 3(F—B), 
and from this F is determined, the B column having previously been 
filled out. A line is also plotted for the distance from the center of 
the bolt holes to the ends of the bases or 3(G—F), the line in this 
case coinciding with the line for E. 4(G—F) having been obtained 
from the chart, G is found from F by addition in the same way as 
F was previously found from B. 

The reason for determining these two dimensions in this indirect 
manner is that these dimensions depend partly upon B and partly 
upon the size of the bolts, and for that reason will not increase in a 
regular manner, the increase being greater whenever the size of bolt 
changes. In this particular, as in many others, judgment and dis- 
cretion are necessary in the use of such a method. 

In general, the lines thus found will not pass through the origin 
but above it. After some experience with the method, judgment 
will enable one to use it with only one originally designed size if the 


new sizes are not too much larger than it. The dimensions of one 
size being plotted, the lines are drawn through the plotted points 
and at such distances above the origin as experience indicates. 
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Fics. 44 to 47.—Chart method for the systematic design of machine 
parts. 


This method is safer if the new sizes are smaller than the original. 
When larger, caution should be used by comparing the resulting parts 
with the chart and correcting the latter if found desirable. 


PLAIN OR SLIDING BEARINGS 


For additional information on steam-engine bearings see Bear- TaBLE 1.—PERMISSIBLE PRESSURES ON BEARINGS FOR STEAM 
ings for Steam Engines ENGINES AND OTHER MacuINes.— (Continued) 
g ; 


For additional information on gas-engine bearings see Bearings for 


Gas Engi Allowable bearing 
sas Engines. 


pressure in pounds 


For the fit allowances of bearings see Press and Running Fits. Kind of bearing and condition of operation prcqueceaneniet 
TABLE 1.—PERMISSIBLE PRESSURES ON BEARINGS FOR STEAM projected area 
ENGINES AND OTHER MACHINES traight line, belt-driven, side crank, 100 lb. steam and air 
: | Allowable bearing — Main BPeaTINgS:) Sey ne tne cee eee 178 to 227 
Kind of bearing and condition of operation | PSUS 1D pounds Crank pin. Dearintey nc, se Seer eee 628 to 825 
“per square inch of Cross-head pin bearings... ys se ee ee 628 to 825 


projected area 


Straight line, steam-driven, side crank, roo lb. steam and air 


Bearings for very low speeds and intermittent 7000 to gooo - - 
service as in turntables and bridges. Main bearings... Nee ies bor caricun fo0,8 198 to 227 
eae areas Dene Crank pin bearings. . Sa ca 462 to 825 
- Cross-headi pin beatings ee erect ee 462 to 825 
Rieger coe See Duplex, Meyer cut-off, steam-driven, 100 lb. steam and air 
Locomotive crank pin bearings. . seis 1500 to 1700 
Locomotive driving wheel socenel heaetecas Fee LOmES SO ‘Main’ bearings: cra: nee a a eee 157 to 200 
Car axle bearings. . ee Toe een re St SIE 300 to 325 Crank: pint bearings reece erie 644 to 855 
eae lees ace Cora ree see caer Poene WO AAG Cross-headi pinebearings sey srs sewer ea ee 850 to 1370 
British Railway P Practice Duplex Corliss valve gear, steam-driven, too lb. steam and air 
Locomotive crank pin bearings................ LOLA OO) Main beatings yuo.an. ences sehen Ii5 to 141 
Locomotive cross-head pin bearings............ a tOs2000 Crank pin bearings. . Pe a i xe Aes 513 to 708 
Locomotive driving axle ie cae Di nc tins eR 250 to 300 Cross-head pin poarines Bae reas Rae 732 to 1150 
Car axle bearings. . 750 aon bo OOo oI EOHTall ss code KO SKIS Direct-connected, moterduvent main n bearneen tommy oO 
Untied States Naval Practice Gas Engine Practice 
Main engine bearings...........--.. 2. +s -2 005 275 to 400 Main bearings 27. Scene ee eee 500 to 700 
Main engine crank pin bearings... Fees 400 to 500 Crankepinibeanngse-ne eee eee 1500 to 1800 
Steam turbine bearings (for weight alone) vets ---. to 85 Gross-headipin bearings seer aia eerie 1500 to 2000 
Thrust bearings for torpedo boats............. ee LOmESO 


Electrical Machinery Practice 


Merchant Marine Practice 


: : : = Generator and mioton bearimessee.eet eee 30 to 80 
Main engine bearings. .....2..+5-++++n+++ +04. SIE ERIE Main engine bearings, driving generators...... . 40 to 80 
Main engine crank pin bearings............... Boo rose Horizontal steam turbine US A EES ea 40 to 60 
Thrust bearings. . es eR ure is Vertical steam turbine steps. . see a 200 to 1000 


High. Se Se ae Practice Rolling MaibEraenes 


Main bearings (for dead load)................ 60 to 120 
a . Rubbing velocity, 

Mainybearings (forsteam load)... ............ 150 to 250 Fe per Nin 
Crank pin bearings, overhung crank........... goo to 1500 oe : : =P 

a : Pinion housing bearings... .| 350 to 600 30 to 502 
Crank pin bearings, center crank.............. 400 to 600 : ; 

Roll housing bearings...... 350 to 600 100 to 20002 
Cross-head pin bearings RS eee ree aL > uot Tice ou tvanene 1000 to 1800 : 
ivlig Table roller bearings........ 150 30 to 50 
Slow- speed Stationary Engine Practice Table line-shaft bearings... . 150 20 to “50 
Main bearings (for dead load). . eee 80 to 140 Main bearings of shears... . 50 to 65 1800 to 2500 
Main bearings (for steam leech Sar ear ee Hee es 200 to 400 MicccllancouePracace 
(Grankspinypcakii ys. seat e eee fees arr a) nen 800 to 1300 : : : 
Ceoshead pin bearings... Rid caters Aes poate coo Bearings for slow-speed and intermittent load as 3000 to 4000 
iG ; in punch presses, shears, and the like. 
2 us ompressor ractice Main bearings of slow-speed pumping engines....) .... to 600 
Straight line, steam-driven, 100 Ib. steam and air Heavy line-shaft bearings, bronze or babbitt lined. 100 to 150 
Main bearings. . Ne en ee eee ee 160 to 237 Light line-shaft bearings, cast-iron............. 15 to 25 
Ge ashes daes,. sa aap ne eee ne mn are ye 565 to 700 Heavy slow-speed step bearings............... au tO.2000 
Cross-head pin ey SA Oe ena Bg ET od 628 to 820 Drill press thrust collars. . nee se ode LON Boe 
ot Straight line, belt- ae center crank, roo lb. steam and air Angular-thrust bearing for boring mill tables., 1+ to 75° 
| 

Main bearings... BER ran 6 onde ates cei Wad ac 122 to 220 1 Mesta Machine Company, Pittsburg, Pa. 
SralupIn Dearie Sawai. ase aes. 244 to 402 ? These factors are of value as showing good practice, not for purposes of 


(Cross-head pin bearings... .0.. e000. oss see ssl 400 to 785 design. The diameters and lengths of the bearings are determined by the 
a requirement of strength in the pinion and roll necks and their housings. 
3 Practice of Bullard Machine Tool Company. 


1Canadian Ingersoll-Rand Company 
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“Whenever it is possible to give journals end play, it will be found 
that they polish rather than cut and endure rather than wear out. 
The wearing surfaces should be of equal length in the box and shaft 
and be so controlled that the overrun will be equal at each end” 
(Professor Sweet). 

Much of what follows is taken from the exhaustive treatise, Bear- 
ings and Their Lubrication, by L. P. Alford, to which the reader is 
referred for much additional information not to be found elsewhere. 

The lack of a complete theory connecting the pressures, velocities 
and temperatures of bearings, until it was supplied by Axe K. Prp- 


5 


ERSEN (Amer. Mach., Oct. 10, 1912) and given below, has made it im- 
possible to determine pressure factors of general application. Never- 
theless, the factors in common use, within the fields from which 
they were obtained and to which they are intended to apply, are use- 
ful and adequate. 

Tables 1 to 8 give such pressure factors. Tables 2 to 8 are by G. 
W. Lewis and A. G. KrEssLer (Amer. Mach., Aug. 31, Sept. 14, Nov. 
9, 1g91t). They are the result of an extended investigation and 
correctly represent modern practice. 


TABLE 2.—MAIN BEARING PRESSURES FOR STATIONARY GaAs ENGINES 


Sia Horizontal j ee a Vertical 

D eae hee if 12, * | 16 A | “20 | Assumed _ | aS WA 4 8 12 16 20 Assumed 
RIED oS cue eee arr | 4.85 6.6 8.4 ieee | Dive ee oa 3h 53 ak 9 
EMG Wate 3) 3 | 2.6 6o75 | Lo.S TAOn | LOae Lmb.. ae 6 10 13 16 
Amb. 3.4 | 20.9 lene 98.5 [160.5 DmbXLmb || Amb..... Bees 23.6 55 Vas |. 652 DmbXLmb 
Pm ; 250 - Assumed | Pm ; 250 Assumed 
Kmb Ba 462 | 300 | 270 | 255 | 244 | ‘ | Amore 300 207 258 258 258 
Pm 5 300 . - Assumed | Pm 300 Assumed 
RATED oro. = 553 360 324 «| 307 | 203 : sini | Kmb...... 359 320 310 310 310 fd 
Pm ; 7 350 : Assumed | Pm in ae 350 Assumed 
1 647 420 pe WP Rte al eeyile) ISGADs oo 63 415 373 360 360 360 ; 
Pm we 400 Assumed | Pm 400 Assumed 
SRD ae 8 <.< | 738 503 | 430 | 408 | 301 | Koen 481 414 414 414 414 
D_ =cylinder diameter, ins. Pm =maximum explosion pressure, lbs. per sq. in. of piston face. 


Dmb=main bearing diameter, ins. 
Lmb =main bearing length, ins. 
Amb=projected area main bearing (one) =DmbXLmb. 


Kmb=maximum unit bearing pressure, lbs. per sq. in. considering 
explosion to occur on dead center. 


TABLE 3.—CRANK-PIN BEARING PRESSURES For STATIONARY GAS ENGINES 


{| . 


Horizontal | Vertical 

D Aa OS 5) 16 | 20 Assumed 7 _D 4 i fi esd. I2 16 | 20 Assumed pig 
Pete... a | gt | 4t | of | 3 | Dep...... re | gt | 4 | ob | 8& 
oe re | 3t | 48 | Ot | 88 | Dep ene rhe sgh.) V5e 1) 7Er os 
VAG Dee: 2.44| 10.15] 23.2 | 41.75] 68 | DepxLcp=Acp Acp atest 2.64| 11.8 | 27.8 | 49.75| 78.75| DepXLep 
Pm - 250 “Assumed Pm 250 Assumed 
Kep. 1290 | 1240 | 1220) i200} 1150 | From equation A | Kep t190 | 1065 | 1035 | rors 905 
Pm 300 Assumed | Pm *~ . 300 Assumed 
Kep. | 1550 | 1485 | 1450 1450 | 1390 | From equation A Kepe  1439 | 1280 1240 | 1215 | 1200 
Pm ; 350 : Assumed ee ea 7 350 Assumed 
Kep 1800 | 1730 | 1710 1690 | 1620 | From equation A | Kep. 5 1660 | 1490 | 1440 | 1420 | I400 
Pm 400 Assumed | Pm 400 Assumed = 
Kep. 2060 | 1980 | 1950 | 1930 | 1850 | From equation A | KG Pineal ZO | 1720 | 1660 | 1620 | 1600 
D  =cylinder diameter, ins. Kcp=maximum unit bearing pressure, Ibs. per sq. in. 


Pm =maximum explosion pressure, lbs. per sq. in. of piston face. 
Dcp=bearing diameter of crank pin, ins. 
Lcp =bearing length of crank pin, ins. 


Acp=DcpXLcp, sq. ins. 
D? 
Max. GES pa NOE OLS (A) 
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TABLE 4.—WRIST OR PISTON-PIN BEARING PRESSURES FOR STATIONARY Gas ENGINES 
i Horizontal Vertical ; ae 
D re 8 Verte 16 20 D 6 8 12 16 20 

UB) ee | 0.03 | 1.62 | 2.76 | 4.36 | 6.42 | From equation (A) Dwp..... Le ts as RE tps Equation (C) 
Lwp.. 1.6 age | 4.77 | 7-52 |E2-15 From equation (B) Lwp. at 33 45 6+ 8t Equation (D) 
Awp..... 400) 4554 $3.2 13200 ees | DwpXLwp Awp..... 4.67 | 6.33 |11.25 |20.65 |36.6 | DwpxXLwp 
Pm 250 Assumed Pm 250 Assumed 4 
Kwp 55. >- | 2100 | 2760 | 2145 | 1530 | Ir00 Kwp..... | rsr0 | 1990 | 2520 | 2430 | 2145 2 
Pm 300 Assumed Pm 300 Assumed Ee 
Kwp ee | 2530 | 3320 | 2570 | 1840 | 1320 Kwpes | 1810 | 2380 | 3020 | 2920 | 2580 
Pm 350 Assumed Pm 350 Assumed 
AOD ae oc | 2950 | 3880 | 3000..| 2150 | 1540 Kwepe e 2120 | 2780 | 3520 | 3410 | 3010 y 
Pm 400 Assumed Pm 400 Assumed : 
Kwp. ao:- | 3370 4425 3430 | 2455 | 1760 Kaopoees | 2420 | 3190 | 4030 | 3900 | 3440 o 

Dwp= .0143 D?+.7in. (A) Dwp= .00795 D®+12in. (C) 

Lwp =1.75 Dwp (B) Lwp=1.82 Dwp (D) 

D  =cylinder diameter, ins. Awp=projected area piston pin, sq. ins. 


Dwp=bearing diameter of piston pin, ins. 
Lwp =bearing length of piston pin, ins. 


TABLE 5 


Pm =maximum unit explosion pressure. 
Kwp=maximum unit bearing pressure, lbs. per sq. in. 


—Matn BEARING PRESSURES FOR AUTOMOBILE ENGINES 


Center bearings 


Front bearings 


D pee ae ics 53 | D a 1 aes st > 

Deb nae 12 | IF 26 From equation (5) Dfb |r rz 1; Does From equation (7) 

Leb | 2t6 24 378 33 From equation (6) Lfb 26 25 3 3i6 From equation (8) 

Acb 3.42 SEs lis Aes DcbX Leb Afb 5.02) 563: | 6.6 DfbXLfb Z 

Pm : 250 Assumed Pm 250 Assumed 

Keb 690 | 615 | 620 | 575 | Kfb s6o0 | 505 | 640 | 670 aA 

Pm 300 Assumed || Pm = soo Assumed a 
Keb 830 | 730 | 750 | 690 |__Kfb 665 | 710 | 775 | 800 ; 

Pm 350 Assumed Pm 350 Assumed eee. a 
Keb | 970 | 8ss | 870 | 810 | Kfb 780 | 830 900 | 930 _ Sa 
Pm ‘ 400 Assumed Pm 400 Assumed 

Keb | rroo | 980 | rooo | 920 | Kfb | 890 | 945 | 1030 | 1075 eS 
D =cylinder diameter, ins. D =cylinder diameter, ins. 


Dcb=diameter of center bearing, ins. 
Leb =length of center bearing, ins. 


Kcb=maximum unit bearing pressure, lbs. per sq. in. 
Pm =maximum explosion pressure, lbs. per sq. in. of piston face. 


Dceb= .32 D+.3 in. 
Lob =2.8 Dcb—2.2 


(5) 


in. (6) 


Dfb =diameter of front bearing, ins. 

Lfb =length of front bearing, ins. 

Kfb=maximum unit bearing pressure, lbs. per sq. in. 

Pm =maximum explosion pressure, lbs. per sq. in. of piston face. 
Dfb= .32D+.3 in. (7) 
Lfb = Dfb+1# in. (8) 


Rear bearings 


D 4 43 5 52 | 7 : 
Drb [ns | 3 1 275 | From equation (9) 

Lrb 3 4 4k 53 From equation (10) 

Arb Aerie Ad, B67 NTI | DrbXLrb 

Pm 250 Assumed = 
Krb 565 | 495 |" 40s | 465 | ; 

Pm 300 Assumed ’ 

Krb 660 | 575 |_ 575 | 535 | 

Pm 350 Assumed 

Krb 760 | 660 | 655 | 605 | 5 

Pm 400 Assumed — 

Krb [Resse ssueerssaeors a 

D =cylinder diameter, ins. 


Drb =diameter of rear bearing, ins. 
Lrb =length of rear bearing, ins. 
Arb =projected bearing area, sq. ins. 


Krb=maximum bearing pressure, lbs. per sq. in. 
Pm =maximum explosion pressure, lbs. per sq. in. of piston face. 


Drb= .32D+.3in. (09). 


Lrb=5.3 Drb—5.3 in. 


(10) 


Relation of Speed and Pressure 


The velocity of rubbing being, equally with the load, a factor in 
determining the work of friction which must be dissipated as heat, it 
follows that the velocity of rubbing should appear in a rational for- 
mula for the size of bearings. Such a formula has been given the 
form 

po=C, 
in which p=pressure on projected area, lbs. per sq. in. 
v=velocity of rubbing, ft. per min. 
C =a constant determined from observation. 


Values of this constant are much less numerous than those for simple 
pressure. Table 9 gives such authentic values as the author has been 
able to find. 

The sources of these constants are as follows: (1) A. M. BENNETT 
(Amer. Mach., June 17, 1909), who bases his conclusions on a large 
number of bearings which operated under a rise of temperature not 
exceeding 72 deg. Fahr.; (2) H. P. Bean (Trans. A. S. M. EE. Vol: 
27); (3), (4) and (7) Jas. Curistim (Proc. Engrs. Club of Phila., 1898); 
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TABLE 6.—WRIST-PIN BEARING PRESSURES FOR AUTOMOBILE 


TABLE 7.—CRANK-PIN BEARING PRESSURES FOR AUTOMOBILE 


ENGINES ENGINES 

Dearie 4 44 ee 5} ; etl Dirgal ti ieee Soe les: Spy 
DED ion | 3 I 1,35 14 Fromequation(r) Dep... ‘ 1% ah 13 1% ade From equation (3) 
Lwp. 2 2.25 23 3ds5 From equation (2)  Lcp... 2,1, 2% 24 23 From equation (4) 
Awp. | 1.75 2.25 ReaD sAe2 DwpXxLwp Acp... f 3232 4.07 4.68 5.68 | DepXLep 
Pm ’ 250 - Assumed Pm - a 250 Assumed 
BWP Sone 5 1800 1780 1570 1420 Equation (a) Kep.. ane 945 7 960 Th 1050 roso | From equation (b) 
Pm 7 : = g00 ee be Assumed ag Se On ' 300 ennmed 
ISG ee eae 2150 2130 1890 1700 | Equation (a) IRAE, 5 ccapee I 130. | a 50 1260 1260 | Fromequation (b) 
Pm S ; 350 bo “Assumed _ Pm , 350 5 Assumed 
SUD, 5 2510 2480 2200 1980 | | Equation (a) % Kep ree ; 1320 | 21350 1470 1470 | From equation (b) 
Pm ¥ eS eee Assumed Paw 7 7% 400 - Aesumed 
1 ee 2870 2840 _ | 2510 i 2270 r Equation (a) Kep Wet T510 | 1540 1675 1675 | From equation (b) 
D  =cylinder diameter, ins. D = cylinder diameter, ins. 


Dwp =bearing diameter, ins. 
Lwp =bearing length, ins. 
Awp =projected bearing area, sq. ins. 


Pm =maximum unit explosion pressure, Ibs. per sq. in. of piston 
face. 
Dwp= .34 D—.53 in. (1) 
Lwp =2.25 Dwp (2) 
Kwp = maximum unit bearing pressure, Ibs. per sq. in. 
Sa Piet D? .7854 
Kw p= Awp (a) 


TABLE 8—AVERAGE RUBBING SPEED AND WORK OF FRICTION FOR 
AUTOMOBILE ENGINES 


Computed for a piston speed of rooo ft. per min. and a mean pres- 
sure of 20 lbs. per sq. in. of piston face. 


er: -D 4 4h | -s | 5h | Average 
oe. : a2 | Seca 53 | Ss) ie 
RPM.. 1370 1200 | xro90 ‘| 1000 | 
Rubbing speed in ft. 560. 550 535 | 540 oh 546 
per min. on bear- | | | 
ings listed below. | 
Vi... 2 a eS a 
P(mean) - - wees + | 252 320 Stee | (ee Yo a 
Crank-pin Km 76 FT ae Sas || 84 80 
bearing. Wales jos | 743. L785 | 720" 
Center bear- { Km. 55 49.2| 49.81 46 | 50 
ing. | Sts 4so_ | 445 ee be oe 
Front bear- ( Km| 44-7 re 520 53.4 | 49-4 
ing. W | 438 | 435 | 462 | 480 | 449 
Rear bearing. { Km| ae > | ey fe 
2 WT eee ars "| 388 42 Aly 
D = cylinder diameter, ins. 
iB = stroke, ins. 


P (mean) = mean total pressure on piston for entire cycle, lbs.(assumed). 


RPM =r.p.m. at 1,000 ft. per min. piston speed. 

Km = mean unit bearing pressure, lbs. per sq. in. 
V = rubbing speed, ft. per sec. 

Ww = work of friction = (Km XfV) ft. lbs. per sec. 


16 = sii JO), 


Dcp = bearing diameter, ins. 

Lcp = bearing length, ins. 

Acp = projected bearing area, sq. ins. 

Kcp =maximum unit bearing pressure, lbs. per sq. in. 

Pm =maximum unit explosion pressure, lbs. per sq. in. of piston 


face. 
Dep =.32D+-.3 in. (3) 
Lep ps pe oe ; (4) 
IN EN ae BD as 


(s) and (6) Frep. W. Tayior (Trans. A. S. M. E., Vol. 27), whose 
figures are based on observations on eleven bearings in an overloaded 
mill; (8) and (9) G. W. Dicxir (Trans. A. S. M. E., Vol. 27); (20), 
(11), (12), (13) and (14) The Mesta Machine Co. 

In interpreting these constants regard must be had for the influence 
of reciprocating and momentary loads. The former is seen in (2) 
and (3) and the latter in (11) and (14). 

It is probable that the diversity of the constants is largely due to 
the inaccuracy of form of the equation, the probability being that the 
pressure should not be reduced in the same proportion that the speed 
is increased. A recognition of this is the basis of Edwin Reynold’s 
rule for the main bearings of steam engines, which see. 


TABLE 9.—PRopucT oF PREssuRE, Las. PER SQ. IN. oF PROJECTED 
AREA, AND VELOCITY, Fr . PER MIN. oF BEARINGS 
Kind of Bearings and Condition of Operation Values of C 
(1) Self-aligning ring-oiled bearings with continuous 
load in one direction. . : . 36,000-40,0Cc0 
(2) Main bearings of Cane engines nen load 
only).. ae . 60,0c0-78,000 
(3) Steam engine eee pins.. 


200,000 

(4) Steam engine cross head inde (Gece on pres- 
sure at mid-stroke)....... 50,000 

(5) Mill shafting with ene aligamons ring- role ate 
bitted bearings, highest admissible value..... 24,000 

(6) Mill shafting with self-aligning cast-iron bear- 

ings, sight or wick oil feed or grease cups, should 
be less than.. 12,000 

(7) 110,000 lbs. froin or ale jourhaisn at Io yuniles 
DEL NOULM alate Se 60,000 

(8) Water-cooled thrust nee fas a enanee cus- 
tomary value.. a 37,500 

(9) Water-cooled ane owe a eins maith 
extra carennwater COOLING =n sie seer 61,000 
(10) Rolling-mill pinion-housing bearings........... 18,0c0 
(11) Rolling-mill roli-housing bearings.............. 60,000—70,000 
(12) Rolling-mill table roller bearings........... 4,500-7,500 
(13) Rolling-mill table line-shaft bearings........... 4,500-7,500 
(14) Main bearings of rolling-mill shears............ 120,000 
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Relation of Speed, Pressure and Temperature 


The following methods of bearing design are from the practice of 
the General Electric Co. and are the results of extended experimental 
investigations: It is very desirable in laying out bearings to keep the 
diameter as small as possible, consistent with sufficient strength of 
shaft and suitable deflection of the journals both inside and outside 
the bearings as the work of friction is thereby reduced. It is also very 
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Fic. 1.—Relation between rubbing speed and safe maximum pressure 
on bearings without artificial cooling for perfect film lubrication. 


desirable to so dimension bearings that they are fairly well loaded, in 
order to avoid bulky machines and also because the coefficient of 
friction rises quite rapidly when the load is less than 50 lbs. per sq. 
in. of projected area. 

When calculating the projected area of any bearing, especially if 
it is to be heavily loaded, the amount of space lost through the drain 
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Fic. 2.—Temperature rise of oil-ring bearings in still air, room 

temperature 75 deg. Cent.—77 deg. Fahr. 


grooves at both ends must be deducted. This is particularly impor- 
tant when the length of the bearing is small in proportion to the 
diameter. 

It is also necessary—that this applies to all forms of lubrication— 
that there be no sharp corners on the edges of the oil distributing 
grooves or channels, but that these be gradually cased off so that 
the oil can be drawn in between the journal and the bearing. Sharp 


corners are invariably oil wipers and often absolutely prevent proper 
lubrication. 

The heat generated in any bearing may be dissipated: 

1. By radiation from the housings and conduction by the shaft. 

2. By forcing cooled oil through the bearing. 

3. By surrounding the bearing by some form of water jacket. 

Bearings without artificial cooling are usually lubricated by oilrings 
or similar devices or by gravity feed. It is essential that an abun- 
dant supply of oil be delivered to all parts of the bearing by suitably 
arranging the channels so that a perfect film will be maintained at all 
times between the journal and bearing, and that theré is no oppor- 
tunity for the oil forming this film to escape through openings or 
grooves at the points of greatest pressure and thus allow the metals 
to come in contact. 

The heat generated in bearings having no artificial cooling is con- 
ducted away and radiated by the housings. The great variation in 
the design of bearing housings and the different conditions of venti- 
lation, etc., make it extremely difficult to predetermine the ultimate 
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Fic. 3.—Temperature rise of oil-ring bearings for well ventilated 
condition but without artificial cooling, room temperature 25 deg. 
Cent.—77 deg. Fahr. 


temperature of such bearings with any great accuracy, and it is 
always necessary to allow a considerable margin of safety. 

Fig. 1 covers the range of pressure and speed ordinarily permissible 
in this type of bearing, while Figs. 2 and 3 show the ultimate tempera- 
tures for different speeds and loads. These curves were made up 
from the readings obtained from special bearings and afterward 
checked by the test records of a large number of machines—both of 
the pillow-block and shield types—which have gone through the test- 
ing department. Fig. 2 shows the temperatures to be expected under 
the most unfavorable conditions, that is, of a bearing so situated that 
no current of air can circulate about it, and therefore cooled by radia- 
tion only. There is, however, a considerable circulation of air about 
most machines, due to the fanning action of the revolving parts, and 
the ultimate temperatures to be expected in such cases are shown by 
the curves of Fig. 3. These curves apply to the great majority of 
open generators and motors, both of the pillow-block and end-shield 
types. When the machine is enclosed, or the free circulation of air 
in any way interrupted, higher temperatures will result, until finally 
the conditions of Fig. 2 are reached. 

A part of the heat of the bearings of motors and generators is usu- 
ally conducted away by the shaft and radiated by the spider and 
other revolving parts. When machines are totally enclosed or are 
connected to other machinery whose temperature is high, heat may 
be transmitted through the shaft to the bearing, thus raising the 
latter’s temperature, and due allowance must be made for this. 
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When bearing pressures and speeds are unusually high it is often 
necessary to force oil under pressure into the bearings and advantage 
is often taken of this to keep the heating down by artificially cooling 
the oil. This method, although used to a very considerable extent, 
is usually not as efficient as a water jacket. 

For all practical purposes, it may be considered that the entire 
heat generated is taken away by the oil, and it is therefore possible 
to predetermine the bearing temperature with considerable accuracy. 
Fig. 4 shows the ultimate temperature of bearings using the quantities 
of oil most commonly pumped through, and with the assistance of 
these curves the necessary amount can be determined. Intermediate 
speeds and pressures can be easily interpolated. 

For pressures and speeds beyond the limits of this table, it is advis- 
able to resort to water-jacket cooling. 

In arranging bearings for this form of lubrication, care must be 
taken to force the oil to the point where the work is being done, as 
otherwise the oil coming from the bearing may be comparatively cool, 
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water circulated per minute, and, where the conditions are unusually 
good and the jacketing carefully arranged, from 10 to 12 h.p. per 
gallon can be dissipated. 

With water jackets any suitable method of lubrication may be 
used which will insure at all times a good film of oil between journal 
and bearing. 

For designs of water-jacketed bearings, see below. 


Conditions of Film Lubrication 


The experiments of Beuchamp Tower (Proc. I. M. E., 1885) demon- 
strated that, given flooded lubrication and suitable relations of speed 
and pressure, the condition of affairs between a journal and bearing 
becomes that illustrated in exaggerated form in Fig. 5. The rotating 
journal assumes an eccentric position in its bearing, and is separated 
from it by a circular wedge-shaped film of oil. The journal brings up 
more oil than can be carried around the space between journal and 
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Fic. 4.—Relation between rubbing speed and rise in temperature for forced lubrication and three rates of oil feed, room temperature 25 deg. 
Cent.—77 deg. Fahr. 


while the bearing itself is much too warm. In addition to this, it 
means that an excessive amount of oil must be pumped through the 
bearing requiring unnecessarily large pumps, piping, etc. Experi- 
ments with such bearings show that when oil begins to run out of the 
ends quite freely, nothing is gained by forcing through a larger 
quantity. 

A properly designed water jacket will carry away a very much larger 
amount of heat than will any form of forced oil lubrication, as the 
specific heat of water is very much higher. As is the case of forced 
oil lubrication the ultimate temperature of a well-designed water- 
jacket bearing can be very accurately determined. It is essential 
that the pipes or channels be located as close as possible to the surface 
of the lining where the work is being done, in order that the heat 
generated may be absorbed without danger of damage to the lining. 
Water circulated at some distance away from the lining surface is of 
comparatively little assistance, as heat may be generated so rapidly 
that the lining will be destroyed before the heat reaches the jacket. 
The water passages must also be so arranged that an even and con- 
tinuous circulation is kept up in all parts. 

With properly constructed passages, it is safe to assume that heat 
may be removed at the rate of from 3 to 5 h.p. for each gallon of 


bearing, and some oil is therefore forced out sidewise and, the film of 
oil resisting this action by virtue of its viscosity, there is set up a 
wedging action which will support the bearing away from the journal 
against considerable pressure. By drilling holes in the bearing and 
inserting pressure gages, Mr. Tower found curves somewhat like 
a’ c’’ b’ to represent the pressure at various (projected) points of the 
circumference of the journal. The film is thinnest, not at the point of 
application of external load, but at a point somewhat farther along in 
the direction of rotation. 

The summation of these pressures was found to equal the total load 
on the bearing with a surprising degree of accuracy. 

An immediate practical result of these experiments is the demon- 
stration that the oil should be introduced at the point of no pressure. 

Mr. Tower’s experiments show that the action of high-speed bear- 
ings is entirely different from that of low-speed bearings. In the 
latter we have oily surfaces in actual rubbing contact. An accidental 
increase of temperature reduces the viscosity of the lubricant, which 
in turn increases the intimacy of contact, thereby bringing about ad- 
ditional cumulative increase of temperature. Such a bearing may be 
said to be, as regards temperature, in unstable equilibrium. A high- 
speed bearing, on the other hand, is in stable equilibrium. If the 
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speed is sufficiently above the critical speed at which the film action is 
established to prevent the reduced viscosity from bringing the surfaces 
into actual contact, there is no reason why the heating action should 
be cumulative, and such bearings may safely be run at temperatures 
that would be unsafe below the critical speed. 

Similar difference exists in the tendency to wear. H. M. Martin 
(The Design and Construction of Steam Turbines) says that steam 
turbine bearings, after years of use, show no signs of wear. 

For these reasons the complete film system of lubrication should be 
aimed at whenever possible. Dr. Herpert F. Moore (Amer. Mach., 
Sept. 10, 1903) determined experimentally the relation of pressure and 
rubbing speed at which the film breaks down and the lubrication 
becomes of the ordinary kind between oily surfaces. Dr. Moore’s 
results are represented graphically by the full line of Fig. 6, the dotted 
line being an approximation represented by the equation: 


Pmaz= 7.47N/ 0, 


in which Pmaz=limiting pressure on projected area of bearing at 
which the oil film breaks down, lbs. per sq. in. 
v=velocity of rubbing, ft. per min. 


Fic. 5.—Journal and Bearing with film lubrication. 


This equation is fundamental and is generally accepted. It forms 
the starting-point of the first complete theory connecting the pressures, 
velocities and temperatures of bearings, by AxEL. K. PEDERSEN, 
analytical expert the General Electric Co. (Amer. Mach., Oct. 10, 
1912). 

Mr. Pedersen’s remarkable deductions are based on a large number 
of widely scattered experiments, including those of Beauchamp 
Tower, and are given below. It must be remembered that they 
apply to complete film lubrication only, the bearing proportions being 
determined from the conditions for preserving a perfect film at a 
permissible final bearing temperature. 

Introducing a proper factor of safety, Mr. Pedersen obtains the 


equation: 
2 


; l 
d°= .068453 (:w) =F (a) 


in which d=diameter of bearing, ins., 
s=factor of safety, 
Pe Pmax 
~ actual pressure on projected area, lbs. per sq. in. 
W = total load on bearing, lbs., 


/=length of bearing, ins., 
y 


i iene 


d 
n=r.p.m. of journal. 


d 


For each class of machinery, the ratio v4 is a well-defined quan- 


tity. Following are customary values of this ratio: 


Type of bearing Values /+d 
Marine engine main bearings.................... 1 to 1.5 
Stationary engine main) bearingswac.ss. seh cee gn LOL2y 
Ordinary heavy shafting with fixed bearings.......... 2 to3 
Ordinary shafting with self-adjusting bearings........ 3 to4 
Generator andi motor beatingsin.s-seen enon eee 2 to. 3 
Machine-toolib eanin ose santas men nematic rae a 2 to 4 


Equation (a) can readily be used for determining the diameter of 
the bearing. The factor of safety is selected by considering the 
importance of safe running. A factor of safety of 1 would indicate 
that the journal is running under limiting conditions, that is, that the 
oil film is on the point of breaking down. For ordinary light machin- 
ery, the factor of safety may be taken as low as 2 and for heavy 
(especially high-speed) machinery as high as 8 or even 10. As a 
good average 4 to 5 may be taken at the first trial. 
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Fic. 6.—Breaking-down point of perfect oil film. 


The alignment chart, Fig. 7, was designed for the prompt solution 
of equation (a). The use of the chart is explained below it. 

The diameter of the bearing being thus determined, the length is 
fixed by the selected ratio x or 


l=xd (0) 
The pressure on the projected area is 
Ww 
aie (c) 


The fundamental consideration, in connection with the final bear- 
ing temperature and the specific losses, deals with the laws of friction 
and the heat-radiating capacity of a bearing. From the great num- 
ber of test data available in regard to the coefficient of friction the 
following important fundamental principles may be stated: For a 
journal revolving above soo ft. per min. (8.5 ft. per sec. approxi- 
mately) we use the formula given by Lasche: 


fpt—32)=51.2 (d) 

This formula is a very close practical approximation; actually, the 

coefficient of friction is not independent of the rubbing speed of the 

journal, but increases slightly with the speed up to a speed of about 
2000 ft. per min.; this increase, however, may be neglected. 
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Fic. 7.—Dimensions of bearings for film lubrication. 


Connect the ratio of length divided by diameter and the selected factor of safety and note the intersection with axis I; 
connect the intersection and the load and note the intersection with axis II; connect this intersection with the revolution per 
minute and read the diameter and rubbing speed from the approprfate scales. The chart may be read in the opposite direction 


if desired. 


16 HANDBOOK FOR MACHNE DESIGNERS AND DRAFTSMEN 


For a journal revolving below 500 ft. per min. (8.5 ft. per sec. ap- 
proximately) the coefiicient of friction is dependent on the velocity 
of rubbing. From many test data it has been concluded that for 
these speeds a 

fp(t—32) = 2.3 bon (e) 
In (d) and (e) f=coefiicient of friction, 
p=pressure on projected area, lbs. per sq. in. 
{=final bearing temperature, Fahr. 
v=rubbing speed of journal, ft. per sec. 


Formula (e) has been fully corroborated by comparison with the 
experiments of BEAucHAMP ToweER (Proc. I. M. E., 1885), the agree- 
ment being quite remarkable (Amer. Mach., Oct. 10, 1912). 

The heat-radiating capacity of a bearing depends mainly upon the 
iron masses contained in it and upon the surrounding air. If the 
bearing is located in a place where the surrounding air is easily moved 
(ventilated bearing), and if the bearing contains large masses of 
iron, we have the best conditions possible. On the other hand, if 
the bearing and its housing are of comparatively small dimensions 
and the air is still, the heat-radiating capacity is at a minimum. 

In the chart, Fig. 8, the first condition is represented by the point 
M for ventilated bearings, the second by the point WV for still-air 
bearings. We may havea condition where the bearing contains large 
masses of iron, but is surrounded by still air; evidently, then, a point 
located approximately midway between the points M and N should 
be used. 

The following formulas are very close approximations to the 
experiments by Lasche on the heat-radiating capacity of bearings. 
These experiments are given in chart form in “ Bearings and Their 
Lubrication,” by L. P. Alford. 

For ventilated bearings we have the heat-radiating capacity in ft.- 
Ibs. per sec. per sq. in. of the projected area of bearing expressed by 


¢=b+33)? 
1860 (f) 
and for still-air bearings 
(t= +33)? 
aaee (g) 


in which /o = temperature of room, Fahr. 
t =final bearing temperature, Fahr. 

The maximum friction loss must not be greater than the heat- 
radiating capacity of the bearing, otherwise artificial cooling must be 
resorted to. The friction loss in ft.-Ibs. per sec. per sq. in. of piglet 
bearing area is pfv, hence for ventilated bearings 


DUS 
= 1860 2) 
and for still-air bearings 
(t—to + 33)? : 
pfo=— @) 


As the coefficient of friction follows different laws whether the rub- 
bing speed is above or below 500 ft. per min., we must consider this in 
formulas (#) and (7) 

For speeds about 500 ft. per min., we combine (#) and (7) with (d), 
and solving for v, we get for ventilated bearings 

_ (¢—32)(¢—to + 33)? 
95232 


(j) 
for still-air bearings 
(¢— 32) (¢—t +33)? 
a 168960 () 
For speeds below 500 ft. per min., (h) and (i) are combined with 
(e); then for ventilated bearings 


ft 32) (t—t) + 33)? | 2 
in NT [2 ee 1860 J ) 
for still-air bearings 
he if = 32) = 6 ¥33)* | (om) 
aN \2. Ree 3300 


Equations (j), (#), (J), and (m) are the fundamental formulas for 
plotting the chart, Fig. 8, as far as the determination of the final bear- 
ing temperature is concerned. 

The chart also gives the specific losses y, namely 


leet 8 (n) 
Hence from (d) for speeds above 500 ft. per min., or 8.5 ft. per sec., 


approximately, 


ee SES. 

ree (0) 
and from (e) for speeds below 500 ft. per min. or 8.5 ft. pet sec., approxi- 
mately, 


b= 32 
The total friction loss in the bearing is obtained from 
=yuld ft.-lbs. per sec. (q) 
or 
. yuld 
== r 
ae (r) 


In equations (n)—(r) 
y=specific losses; that is, the losses due to friction in ft.-lbs. per 
sec. per sq. in. of projected bearing area for each foot of rubbing 
speed of the journal, 
Y =total friction losses in the ieanns 


The use of the’chart, Fig. 8, is as follows: (a) To determine the 
final bearing temperature: Locate the proper value of the rubbing 
speed on the AA scale, connect this point with points N or M or 
some intermediate point on the line VM, according to the conditions 
of the surrounding air and the design of the bearing. The connecting 
line locates a point on the BB axis. Trace from here horizontally 
to the curve giving the proper temperature of the room, thence 
vertically down to the temperature scale and read the final bearing 
temperature. 

(b) To determine the specific losses y: Here different methods must 
be employed, one for speeds above 8.5 ft. per sec., and another for 
speeds below 8.5 ft. per sec. 

Rubbing speeds above 8.5 ft. per sce.: 

From the final bearing temperature trace parallel to BB axis to the 
dotted curve CC, thence horizontally to the right to the axis DD and 
read the value of y, the specific loss. 

Rubbing speeds below 8.5 ft. per sec.: 

From the final bearing temperature trace parallel to the BB axis 
to the dotted curve CC, thence horizontally to the left to the BB axis, 
thus locating a point on this axis. Now connect this point with the 
proper value of the rubbing speed on the speed scale EE; the connect- 
ing line intersects a point on the specific-loss scale FF, where the 
specific loss y is read. The general procedure is shown by the con- 
necting lines on the chart. 

Example 1.—Design a motor bearing for the following data: 

Ventilated bearing and large masses of iron; 
Ratio of length to diameter = 2; 

Factor of safety for preserving perfect oil film=5; 
Total load on bearing =1700 lbs.; 

Revolutions per minute =650; 

Temperature of room=75 deg. Fahr. 

From the chart, Fig. 7, we get the diameter d=4.5 ins., approxi- 
mately, hence from equation (6) 


l=xXd=2X4.5=9 ins., the length, 


’ then from equation (c) 


= 42 lbs. per sq. in. 


The chart, Fig. 7, also determines the rubbing speed 


v=12.7 ft. per sec., nearly. 
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Fic. 8.—Final temperatures and specific losses of bearings. 
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Locating the rubbing speed 12.7 on the AA scale of Fig. 8, and pro- 
ceeding as previously explained, noting that the rubbing speed is 
above 8.5 ft. per sec., we get the final bearing temperature 


t=146 deg. Fahr., nearly. 


This is by no means an excessive temperature. The tendency of 
machinery builders, however, is to limit the final bearing tempera- 
tures to approximately 150 deg. Fahr.; this is very conservative. 
According to Bearings and Their Lubrication, by L. P. Alford: 
“In practice it is necessary to design bearings to run at a much lower 
temperature than will cause damage, because of the requirements 
of the average customer. Such a maximum temperature is from 
140 to 160 deg. Fahr. Itis probably true that the average bearing 
could just as well run at a temperature of 200 deg. Fahr. . 

The actual temperatures of large bearings was the subject of observa- 
tions by A. M. Marrice (Trans. A. S. M. E., Vol. 27), who states 
that examination of the temperatures of a large number of main 
bearings of engines of various makes showed more large engines 
running with bearings at temperatures over fhan under 135 deg. 
Fahr. Many bearings were running at over 150 deg., some consider- 
ably higher, and in one case a continuous temperature of 18c deg. 
was found, and in all of these cases the bearings were giving no 
trouble. 

H. M. Martin (The Design and Construction of Steam Turbines) 
says “turbines in which the bearing temperature is constantly about 
195 deg. Fahr. have given no trouble in practice, but a more usual 
limit of temperature is 165 deg. Fahr.” 

The bearing oil loses its lubricating qualities at a temperature 
about 250 deg. Fahr., approximately. Returning to our example, we 
get the specific loss y, which in this case is read on the DD scale 


y= 451. 
Hence from (g) Y =yuld=.451 12.7 X9 X4.5 = 232 {t.-lbs. per sec. 


Example 2.—Given a bearing running at a rubbing speed of 6.5 ft. 
per sec. and the conditions of a still-air bearing with small iron masses; 
Fig. 8 must now be used according to the rules for speeds below 8.5 ft. 
per sec. We get the final bearing temperature=138 deg. Fahr., 
and the specific loss on scale FF, y=.43. s 

The maximum allowable final bearing temperature at a given room 
temperature determines the maximum speed at which the journal 
can be run without artificial cooling; thus, in the first example, if 
146 deg. Fahr. is considered as the maximum allowable bearing tem- 
perature, we cannot run this bearing at a higher speed than 12.7 
ft. per sec. without artificially cooling the bearing. 

In the following, we shall only consider cooling by means of 
water. 

If D=the temperature difference, deg. Fahr., of the water before 
and after cooling (a practical, average value of D is 20 to 25 deg. 
Fahr.), 


V,=actual rubbing speed of journal, ft. per sec., 
V2=maximum speed in ft. per sec., at which bearing can be run at 
the maximum allowable temperature without water cooling, 
y=specific loss in bearing, corresponding to the rubbing speed 
V2, and determined by the chart, 


then to keep the bearing at a temperature corresponding to V2, we 
must use 
y(Vi = V.)ld 
ae D 6) 


gallons of water per min. 

_ Example 3.—Suppose, for instance, that we wish to run the bearing 
in Example 1 at a speed of 20 ft. per sec., but that the maximum allow- 
able temperature must be kept at 146 deg. Fahr., then we have 

Vi=20 ft. per sec., 
V2=12.7 ft. per sec., 


corresponding to a temperature of 146 deg. Fahr. at 75 deg. Fahr. 


room temperature, y=.451, as previously determined (see Example 
No. 1), then, using the value D=20 deg. Fahr., we get from (s) 


_:451(20— 12.7) 
Ue 108 X 20 


=.062 gal. of water per min. 


XOX 4.5, 


A very important use of Fig. 8 thus consists in the possibility of 
determining the limiting speed at which a bearing can be run without 
artificial cooling at a given maximum bearing temperature. If 
high final bearing temperatures are allowed, very high rubbing speeds 
may be used; in fact, the allowable speeds increase much faster than 
the corresponding temperatures; thus, at a final bearing temperature 
of, say, 195 deg. Fahr., and at a room temperature of 75 deg. Fahr., 
Fig. 8, determines a limiting rubbing speed of 40 ft. per sec. (against 
12.7 ft. per sec. at 146 deg. Fahr.), for a ventilated bearing and a 
limiting rubbing speed of 23 ft. per sec. for a still-air bearing. 

In determining these speeds, the chart is read in the opposite direc- 
tion, by starting at the final bearing temperature, then tracing parallel 
to the BB axis until the room-temperature curve is reached, thence 
horizontally to the left to the BB axis. The point reached on this 
axis is then connected with M or W (as the case may be), and the con- 
necting line intersects the speed axis AA at points, which give the 
maximum allowable rubbing speeds at the given maximum bearing 
temperatures, 


Materials for Bearings 


Materials for bearings form an endless subject of discussion. The 
author is convinced that cast-iron is entitled to a far wider use than 
it has received. It has the well-known property of taking on a glazed 
surface which is practically proof against wear. As John Richards 
has put it, “‘there is no doubt that prejudice or mistrust prevents the 
use of iron bearings in many cases where they are best.” Failures 
of cast-iron bearings are charged to the material, while failures of 
other bearings are charged to fate or luck. 

Those who oppose the use of cast-iron fail to recognize the numerous 
cases for which its use is so habitual that nothing else-is thought of. 
Of these, the most striking are the unbalanced slide valves of common 
steam engines, which work under heavy loads and very indifferent 
lubrication. Eccentrics and eccentric straps, especially of locomo- 
tives, work under scarcely less favorable conditions of load and lubri- 
cation, with the additional condition of high speed. The tables of 
planers and boring mills and all manner of sliding bearings in machine 
tools form additional illustrations. For steam engine cross-head 
slides and cross heads nothing equalsit. Finally, the line-shaft hang- 
ers made by Wm. Sellers & Co. since prior to 1850 have been made 
of this material. These bearings have run for thirty years without 
appreciable wear. 

A test of cast-iron and other materials for live spindle lathe bearings 
was made by the R. K. Le Blond Machine Tool Co. (Amer. Mach., 
Mar. 23,1911). Four experimental 18-in. lathes were fitted with dif- 
ferent combinations of bearing materials, as follows: 

1. Hardened steel spindle with cast-iron boxes. 

2. Soft steel spindle with babbitt boxes. 

3. Hardened steel spindle with bronze boxes. 

4. Soft steel spindle with bronze boxes. 

The soft steel spindles were of 60-carbon crucible steel; the bronze 
was made to the specifications of the Pennsylvania Railroad Company. 
After the end of some 8 years’ service and treatment as far as possible 
identical for all four lathes, it was found that their rating as regards 
absence of wear and general satisfaction was in the order as given 
above; that is, the hardened-steel spindle with cast-iron boxes was 
the best combination. Both spindle and boxes were in as good con- 
dition as when placed in the lathe, and from all appearances and 
tests showed absolutely no wear. 

Mr. Le Blond adds the following general observations: The 
question of bearing metals is a question of affinity. One metal has 
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an affinity for a certain other metal, and as very often illustrated in 
life, a soft spindle may be married to a bronze box when its affinity is 
babbitt. In other words, a successful bearing must be composed of 
. two metals of entirely different degrees of hardness and disposition. 
The only exception to this rule is cast-iron and cast-iron. 

It is a matter of general knowledge that a soft-steel spindle and 
a soft-steel bearing will immediately cut and run together; in fact, it is 
practically impossibile to lubricate this combination so it will not 
cut. 

A soft-steel spindle and bronze bearing is probably the next worst 
combination, as the metals are very similar in hardness and under 
the very best conditions will scratch and cut. 

A soft-steel spindle and cast-iron bearing will give splendid wear 
if properly lubricated, but will not stand for the slightest neglect. 

A soft-steel spindle and babbitt will give excellent service, stand for 
a great deal of abuse; in fact is as near a fool proof proposition as any. 

The hardened-steel spindle and cast-iron will stand as much 
neglect as any combination of metals, has a much longer life, will 
retain its accuracy for an indefinite period, withstand intermittent 
pressure or a series of blows which would peen out and loosen babbitt, 
and, from our experience, the most fool-proof bearing in the world 
to-day is the cast-iron and hard spindle. It has indefinite life, re- 
quires absolutely no adjustment and will stand the maximum of 
abuse. 

The original patent of*Isaac Babbitt (issued in 1839) was not for the 
alloy known by his name, but for the method of its application. 
The exact formula used by the inventor is not known. Tin, copper 
and antimony were the ingredients, and from the best sources of 
information the original proportions in per cent. were as follows: 


Tin=89.3 or 83.3 or 89.1. 
Copper= 3.60r 8.3 0r 3.7. 
Antimony= 7.1 o0r 8.30r 7.4. 


This metal, when carefully prepared, is one of the best metals in 
use for lining boxes that are subjected to heavy weight and wear. 

A concise summary of modern practice with composition bearing 
alloys is given by JoHN F. BucHANAN (The Foundry, 1906) thus: 

To make the best grade of babbitt or anti-friction metal, proceed 
as follows: Select the purest metals that can be had, and the most 
suitable recipe for the duty of the alloy; make a preliminary mix of 
the refractories in a plumbago crucible, and pour it out for ‘‘harden- 
ing.” Melt the metal which forms the basis of the alloy (it may be 
tin, lead, or zinc), and dissolve the hardening therein, at a gentle 
heat, using sawdust, tallow, or powdered sal-ammoniac for a flux. 
For making a large quantity in the ordinary brass furnace, make a 
cast-iron crucible 2 ins. smaller than the diameter of the furnace; 
lower it into the furnace and lute round. One word of caution is 
needed here. Zinc should not be melted in an iron pot, but if melted 
in a plumbago crucible it may be poured and mixed with the other 
components of the alloy already melted in the pot. 

The utility of babbitt metal is not to be gaged by its cost per 
pound. A cheap babbitt (lead or zinc base), well made, may give 
better service than a costly mixture which has been carelessly 
blended. Generally speaking, the commercial grade numbers of 
bearing metals are for: 1, light loads and high speeds; 2, medium 
loads and moderate speeds; 3, heavy loads and slow or moderate 
speeds; and 4, heavy loads and high speeds. Such grading is reason- 
able, for the hardness of the alloys increases with the numbers, and 
price does not count. 

Babbitt metal, correctly speaking, is a tin alloy, but modern en- 
gineering practice and commercial usage favor the application of 
the name to all metals capable of the same duty as babbitt. Hence 
we get three series of babbitt or anti-friction metals: rst, the tin 
series; 2d, the lead series; 3d, the zinc series. Tin is the most 
polishable of the soft metals, and it alloys readily with any of the 
useful metals employed for minimizing the friction of machinery; 


it has been made the basis of the best anti-friction alloys. Lead is 
undoubtedly the best anti-friction medium among metals, but it 
lacks stiffness to stand up to the work. Copper is the ideal bond 
for zinc alloys, and zinc is the most expansible and durable of metals. 
Zinc babbitts cast well, wear well, and fit snugly to the bearing. 
Owing to its highly crystalline structure, antimony, the principal 
hardening element, should not exceed 20 per cent., as it is apt to 
separate and rub out of the alloy—z7 per cent. has been fixed as the 
limit by an eminent authority. 

The mutual relations of the metals determine the mechanical 
properties of the alloys. Zinc and antimony are too much alike to 
be used simultaneously, and tin alloys, without copper, are apt to 
spread under heavy loads. Due to its poor affinity for lead and tin 
and its low atomic volume, aluminum is not a suitable metal for anti- 
friction alloys. Bismuth, on the contrary, is a decided advantage 
up to about 1.5 per cent. This metal has been freely used in the 
production of some modern alloys, notably those with low fusibility, 
low contraction and high atomic volume. In Table to are given 
some special mixtures which have given complete satisfaction for 
the duty stated, and in Table 11 are given four grades of mixtures. 

In each case the metals represented by the figures 7, 17, and 6 
constitute the “hardening.” These are copper-hardened alloys— 
the copper content being over 5 per cent.—and provide a series of 
cheap, serviceable, anti-friction metals. 


TABLE 10.—MISCELLANEOUS BEARING METALS 


For lining Tin | Lead | Zinc | me Copper ee 
Dynamos: high-speed. | 88 ean hi an Sites 5 
Marine engines........| 77 17 3 | Ste ees 
HC CENICELCS etree tances 5 tLe eet ie 525 
Submerged bearings...| 40 48" ce Seer ss Pa scene ace 
Main bearings........| 34 Ad. ‘leave cies. | aelOum imam ©) 
Slidesstbtists.eaianee Ce No ccco nll Sto | Bus 2.5 
Railway trucks........ 42 cs gel ESO Ree 2 
Axle-boxes (by analysis)} 74.22] 13.50} 1.80 | 6.55 | 3.60 | 
Anti-acid metal (by} 78.84] 14.75]......| trace | 3.70 

analysis). 

iRlactiesme tall eee | 80 ere ee ce en I 
Genuine babbitt (hard)) 80 ibid ee io We t6 

Genuine babbitt (No. 2)} 88 |......]....--| 9 8 x 
Universal bearing metal} 6 Hiei ceree|| 6 2 rare 25 
Atatizfriction castings. snilim 240mellensendet neo Mal een 4 


TABLE 11.—A SERIES OF COPPER HARDENED ALLOYS 


Grades I | 2 | 3 | 4 
Ta. 77 | 77 17 | to oes 
ZANC to erititts cere Jace asst <| 17 | 77 77 
bead acai nee | 07) | 7 7 17 
PATIO 1) eens 7 aero ts mani th  sy| 
Coppers. wat aie 6 | 6 | 6 | 7 


The composition of many common bearing metals, as determined in 
the laboratories of the Pennsylvania Railroad and published by Dr. 
Duptey (Journal of the Franklin Institute, Feb., 1892), is given in 
Tables 12 and 13, 


The bearing metal known as the standard of the Bureau of Steam 


.Engineering of the United States Navy, also called anti-friction or 


anti-attrition metal, has this composition: 
307 per Cents 
88.8 per cent. 
7.5 per cent. 


Best-refmedscopperann see eae 
Banca vtinamcn yee cree ge erp 
Regulus of antimony....... 
The percentages are by weight. 
with borax and rosin in mixing. 


The mixture must be well fluxed 
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TABLE 12.—COMPOSITION OF BraRING Metats (PER CENT.) 
Name of metal, Copper Tin Lead Anti- | Zinc Iron 
mony | 
Camelia metal. 70.2 | 4-25 | 14.75 |.+....4| 10.2 | 55 
Anti-friction 1.6 98.13 2 trace 
metal. | | | 
White metal... 87.92 | 12.08 
Car brass lining. trace | 84.87 | 15.1 Teas 
Salgee metal...) 4.01 | 9.91 re eee, Allies selsyd nee eee 
Graphite bear- TAUg OMe NOT073 | 16.73 not de- 
ing metal. Graphite —none | termined 
Antimonial lead |, ssa... |e + 2| C009 | 15353 
Garbant bronzenty sec 7[eeOny2e | LAS iallenetareccrlie 
| Carbon——possibl e tra ce 
Cornish bronze. 77.83 9.6 | 12,4 | trace | trace 
Phospho rus—tra'ce 
Delta metal.... 92.39 Day BET al nee age ea, .007 
IMapmolia metals: else baa OS ase a LOut a Ny aa 
Traces of iron, copper, zinc and 
possibly bismuth | 
American anti- | 78:44.) F0.6 |. 408 65 
friction metal. | 
Tobin bronze..| 59 2.16 eh e284 ir 
Graney bronze., 75.8 6.2 | 15.06. | 
Damascus 70.41 | 10.6 | 12.52 die Gel al es eens lomcereetc 
bronze. | 
Manganese | 90.52 9.58 | Jee 
bronze. Mangan ese— no ne 
Ajax metal....| 81.24 | 10.98 | 7.27 | 
Phosphorusor |  .37 
| arsenic | 
Aimencaneanti=|emon are le se uate Gon32) || Theos 
friction metal. | 
Harrington 55-73 .97 42.67| .68 
bronze. | | | 
Carhoxametals: pee ell een IRSA esse TAesoiattace.|| 5 7.01 
REAP QUEA Chi eal aueste xy le wodecrnal OAT Bitag ol sce ee lone: Seon vee 
Phosphor 7 ORL aleLOs22 9.61 
bronze. Phos- | 
phorus 94 
Ex. B. metal...| 76.8 | 8 Lis Om al Weed teal Lce her eal 
| Phos- | .2 | | 
| phorus | 


TABLE 13.—COMPOSITION OF BEARING METALS (PER CENT) 


aes 
P Baleodies rs 
Seite Chae a 
a 
Plastic bronze........| 64 | 30 Sigh COE A Ne! Saal Cte co carro hoes Dic 
Phosphor bronze..... . 179-7 | 95 10 | | 8 Reals 
Cyprus bronze........ 64.75) 30 aoe 25). 
Plumbic bronze....... Presets [oars Deena tare ate Peal mer. eneae oy pe 
Parsons white brass...| 2.25) .15/64.9 ee es san Ibe ater 
Demoibronzes eee 60.67/32.97| 4.6 testes FP oe Pea he, 
Standard babbitt.....) 3.7 |..... 88.89) Toauletel. Aah ee 
Shonberg M. M. metal) 2.5 | .25/58.38).....|...|.... A NBc03 
Souther babbitt....... a eee Sach com lee ale eeeeen | eee 
Germantbabpittwers.<. |05.55| se eOr as TL tee ee enn | eet eee 


The mixing of this anti-friction metal is a trick which must be 
learned. The best practice is to melt the copper, tin and antimony 
separately, adding the tin to the copper and the antimony to this 


mixture, fluxing it with borax with the proportion of about 1 3 lbs. 
to 175 lbs. of the mixture; but satisfactory results are obtained by 
melting the copper first, dropping the cold tin into the melted copper 
and adding the antimony, which has been separately melted. This 
metal is carefully skimmed before pouring, and is poured into pigs 
and carried into stock as it stands. 

The journal bronze used on battleships of the United States Navy 
has this composition: Copper 82 to 84, tin 12.5 to 14.5, zinc 2.5 to 
4.5, iron (max.) 0.06, lead (max.) 1.00, all in per cent., with a normal 
of 83-133-33. It is used for bearings, bushings, sleeves, slides, 

guide gibs, wedges on watertight doors and all parts subject to 
considerable wear. 

Albert E. Guy gives the composition of the high-speed babbitt 
used in De Laval steam turbines as: copper 10, tin 80, and antimony 
ro per cent. For low speeds the metal used is: lead 77, tin 6 and 
antimony 17 per cent. 

The Mesta Machine Company, on rolling mill work, uses two 
grades of babbitt and a bronze. For the general run of work, a 
lead babbitt is satisfactory having this composition in per cent.: lead 
75, tin 12.5, antimony 12.5. For high rubbing speeds a mixture is 
made of 1 part of the above and 2 parts of genuine babbitt. This 
genuine babbitt, alone, is used on rolling mill engines and in bearings 
subjected to shock and pound. Its composition in per cent. is: tin 
82, copper 5.4, antimony 12.6.. The bronze is a tough copper-tin- 
lead alloy very similar to Pennsylvania Railroad metal. 

The alloys division of the Standards Committee of the Society of 
Automobile Engineers in their report for June, 1911, specifies four 
bearing metals as follows: 


Bapspit METAL, SPECIFICATION No. 24 


St Fok ete aerators . 84 per cent. 
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Copperas oie oat o.coe sein oct ee oe ee eee DC EG LLC 


A variation of 1 per cent. either way will be permissible in the tin, 
and 0.5 per cent. either way will be permissible in the antimony and 
copper. The use of other than virgin metals is prohibited. No 
impurity will be permitted other than lead, and that not in excess of 
0.25 per cent. 

Note: This grade of babbitt is special, owing to the large amount of 
copper contained therein. Itis used for the connecting-rod bearings 
of gasoline motor bearings, locomotive work, or for any service where 
machinery designers are confronted with severe operating conditions. 


Wuitr Brass, SPECIFICATION No. 25 


Coppers: it Gan. ae anes 3.00 to 6.00 per cent. 
Tin; not lessithan: ee eee COnDerICent: 
ZACH eee 28.00 to 30.00 per cent. 


Metal containing more than 0.25 per cent. impurities may be 
rejected. 

Notr: This alloy gives good results in automobile engines, but 
provision should be made to have it generously lubricated. 


PHOSPHOR BRONZE BEARING METAL, SPECIFICATION No. 26 
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Impurities in excess of 0.25 per cent. will not be permitted. 

Nore: This is a metal similar to that specified by many railroads 
for various purposes. It is an excellent composition where good anti- 
frictional qualities are desired, standing up exceedingly well under 
heavy loads and severe usage. It should be used only against hard- 
ened steel in automobile construction. 
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Rep BRAss, SPECIFICATION No. 27 


Coppi ares sh.nh dwn: cee 85400-per cent, 
Rare Ueki O76), ye ee Oe. el SOO per.cent, 
Wet aeeta Ne ahs eM ge ak oie S200 per centt 
VEINS Lotus ve Rta eRe 5.00 per cent. 
A tolerance of 1 per cent. plus or minus will be allowed in the above 
percentages. Impurities in excess of .25 per cent. will not be 
permitted. 


Norte: A high grade of composition metal, and an excellent bear- 
ing where speed and pressure are not excessive. Largely used for 
light castings, and possesses good machining qualities. 

The following particulars regarding Westinghouse practice with 
babbitted bearings are by JessE L. Jones, metallurgist Westinghouse 
Electric & Mfg. Co. (Amer. Mach., Apr. 18, 1912). The company 
has adopted two principal babbitts—a tin-base babbitt that is very 
easy flowing and suited to pouring extremely thin linings. This 
babbitt is much tougher and but slightly softer than the original 
genuine babbitt formula which is often referred to as the U. S. 
Government Standard. 

The second is a lead-base babbitt that contains considerable tin, 
flows well and is much tougher and but slightly softer than the usual 
babbitts of the Magnolia class. 

Some use is also made of the lead-antimony, a hard genuine babbitt, 
and other special formulas that customers may specify. 

In order to insure the best results in bearings, only the very best 
grades of copper, lead, tin and antimony are used. The use of 
drossy lead, off grades of tin and antimonial lead results in inferior 
babbitt and unsatisfactory bearings, and is therefore most carefully 
guarded against. 

While the amount of copperin most babbitts is small, the use of the 
electrolytic grades is to be preferred, as some of the Lake brands are 
high in arsenic and this may cause poor adherence of the babbitt 
lining to bronze shells. 

Most of the brands of lead on the market are almost chemically 
pure but they contain varying amounts of dross and oxide and the 
only practical way of testing them is to run down too lbs. or more 
in a graphite crucible, boil up with green hickory wood, skim off the 
dross and weigh the clean lead. The same brand of lead may be very 
clean at one time and drossy at another, and the melting loss in 
making babbitt from it will vary accordingly, as will also the anti- 
frictional qualities. 

There is no real economy in using an off grade of tin running from 
93 to 08 per cent. of tin, instead of Straits, as it is necessary to pay 
for the tin content at the market price of tin, and the lead content 
at the market price of lead, so that all that is obtained gratis is a 
little iron, antimony, dross, etc., that will increase the melting loss 
and add nothing to the quality of the babbitt. 

The grade of antimony to be used has been the subject of ver'y ex- 
tensive practical tests. It has been found that in some cases the 
better brands, having almost identical chemical analysis, give quite 
different results in the finished babbitt in regard to hardness. As 


antimony is used as a hardening agent, and as the total amount used- 


in any babbitt is relatively small, the brand which has given the best 
practical results, although it is the highest priced antimony on the 
market, has been adopted. 

No adequate explanation has as yet been found to show why this 
particular brand gives better results than other brands of practically 
identical composition, but this fact has been checked so often that 
it is now accepted without question. 

Having secured the best materials obtainable they are melted to- 
gether in the proper proportions to produce the grade of babbitt 
desired. It is customary in making a genuine babbitt to combine 
the copper and antimony, or the copper, antimony and part of the 
tin to form a preliminary alloy or hardener. This is mixed with 
the rest of the tin, thus giving a more uniform product. 

A temperature of about 900 deg. Fahr. should be used in mixing 


a babbitt to secure satisfactory alloying, and the surface of the metal 
should be protected from oxidization by a layer of powdered char- 
coal. Dross is removed by boiling up with green hickory wood, and 
the babbitt may be deoxidized by means of vanadium, manganese, 
aluminum, magnesium, sodium, etc. When all new metals are used, 
deoxidization is, as a rule, unnecessary. 

Before pouring into ingots, the temperature of the babbitt should 
be lowered considerably, especially if water-cooled molds are not used, 
as a finer grain is thus secured. 

For pouring the ingots a bucket-shaped ladle with a bail and 
handle and a long, square-nosed pouring spout should be used. It 
gives a good surface as the metal is less agitated in the pouring than 
when the ordinary ladle is used. A few ounces of the babbitt should 
first be poured into the mold, the stream interrupted for a second 
and then the pouring of the ingot completed. A cushion for the 
stream is thus formed and the surface is smoother as a result. Small 
air bubbles are removed by touching with a wooden pick before the 
metal solidifies. 

Taking so much pains to obtain ingots of good appearance may 
seem unnecessary when the babbitt is for one’s own use, but it has 
been found that the nicer the appearance of the ingots, the better 
the bearings turned out, as the workman babbitting the bearings will 
take more pains with his work than when rough-looking ingots are 
given him. 

The Brinell hardness test has been found satisfactory as a shop 
test for securing uniformity in the babbitt. Tests are taken from 
the top, middle, and bottom of each kettle of the ingot metal and 
similar control tests are made daily on each of the various babbitt 
pots throughout the works where the bearings are filled. 
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Fics. 9 and ro.—Anchor core and standard anchors of Westing- 
house babbitt bearings. 


Bending, fluidity and peening tests are made daily on strips 12X 
4X4 in. Analysis, tensile, compression and specific-gravity tests are 
also made occasionally, while a babbitt inspector, who is a thoroughly 
practical man, has general supervision of all babbitt pots and the 
pouring of all bearings. 

Bearing shells for stationary apparatus are usually made from 
cast-iron, because of its rigidity and cheapness. Where mechanical 
strength, a certain amount of toughness and cheapness are desired, 
malleable iron is used. 

Shells of cast steel are made for some customers but they are not 
recommended as they do not retain their shape. 

For street cars, etc., standard phosphor-bronze shells are used, 
because with such a bearing the return of a car to the barn is assured 
even if the babbitt melts and runs from the bearing. 

To prevent the babbitt lining from flowing, due to the revolution 
of the axle, all iron bearings are provided with cast anchor holes. 
These are made by adding to the green-sand core of the casting, 
baked anchor cores, secured with brads as shown in Fig. 9. 

There are two sizes of anchors used, } and ? in. as shown in 
Fig. 10. Where bearings are bored before babbitting the cores are 
made of such lengtb that the holes will be standard after boring. To 
help the molder in setting the cores, the pattern maker spots the pat- 
tern so that it will leave small center marks on the green-sand core. 
Along the straight lips of each half bearing, the anchor holes should 
be very rumerous and as close to the edge as is possible in casting. 
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With bronze shells, undercut grooves or anchor holes, drilled in 
diagonally, may be added to prevent the lining loosening in case the 
bearing has been poorly tinned, but if properly tinned and babbitted, 
these are unnecessary. The greater the amount of babbitt in the 
anchor holes of a bronze bearing the greater will be the shrinkage 
and the more likely the lining will be to be loose and spongy. 

A bearing with large anchor holes seldom gives a clear, bell-like 
sound when struck with a hammer. But if the anchor holes are few 
and small, the bearing properly tinned and poured with a thin lin- 
ing, the babbitt becomes an integral part of the bearing, can only be 
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Rough boring all bearings before babbitting is desirable, as it 
gives a lining of the babbitt of uniform thickness, a uniform grain 
and hence a uniform rate of wear. 

All iron shells are heated before babbitting to a temperature that 
will just admit handling them, say 350 deg. Fahr. This heating 
is done preferably in an oven, but it may be done over a coke or 
gas fire. In the latter case, especially with bronze bearings, the 
inner surface that is to be babbitted must be turned upward, 
otherwise a greasy deposit will form on the bearing that will prevent 
a good job of tinning, and hence the proper adherence of the babbitt. 
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stripped off with great difficulty and leaves a white frost on the 
bronze. 

Iron bearings are cleaned in the tumbling barrel, or by the sand 
blast at the foundry. It is usually necessary to clean out the anchor 
holes by hand before babbitting, or even to pickle in hydrofluoric 
acid (especially on bearings provided with oil-ring lubrication), be- 
cause any adherent sand will be loosened by the hammering necessary 
in adjusting the mandrel, and this sand mingling with the babbitt 
when poured will ruin the bearing. 


The tinning of bronze shells is best done by immersing them in a 
pot of molten solder of half and half composition, using a saturated 
solution of zinc chloride as a flux, applied with a mop of clean woolen 
waste. Immediately after tinning, the bearing is placed on the man- 
drel and babbitted. Unless there is a clean film of molten solder over 
the entire surface to be babbitted there will not be a perfect adher- 
ence of the layer of babbitt. 

This will also be true if babbitt has been used for the tinning, as 
the babbitt has a much higher melting-point than the solder, and 
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maintaining a clear molten film with it is difficult. The presence of 
arsenic in the babbitt, due to the use of cheap antimony, or anti- 
monial lead, will result in loose linings also. 

In order to avoid blow-holes and imperfections in the babbitt lin- 
ing, it is very necessary to coat all mandrels with a very thin coating 
of clay wash. Put a pound or two of Jersey red clay in a pail of 
water and stir until suspended, then plunge the heated mandrel into 
it. The mandrel will soon dry and the molten babbitt will lie on it, 
giving a smooth surface, free from bubbles. 

This makes it possible to line a bearing with as little as }s in. of 
babbitt and the surface will be so smooth that only .o08 to .oro in. 
need be machined out for the finish. Brass shells from 1} to 43 
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The babbitt is melted in cast-iron kettles holding about 500 lbs., 
and fired by gas. On first melting the new ingots, or in remelting 
the babbitt which has solidified after standing in the kettle, it will 
be found that the tin in the babbitt will commence to liquate at 
about 450 deg. Fahr.; hence it is necessary for satisfactory work to 
heat the babbitt to about 850 deg. Fahr. on starting up, and stir 
very thoroughly before pouring into the bearings, as otherwise the 
babbitt will not be of uniform composition. 

After once thoroughly alloyed in this manner, there is compara- 
tively little tendency for the tin to liquate, so long as the tempera- 
tures given as satisfactory pouring temperatures are maintained, al- 
though stirring of the babbitt during the pouring process is desirable. 
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Fic. 12.—Westinghouse practice for oil grooves in bearings. 


ins. in diameter are usually lined with ; in. of babbitt and .o14 to 
016 in. machined out. Iron shells are lined with } in. of babbitt and 
js in. machined out. 

The use of the clay is especially necessary where oi] gets on the 
mandrels. The oil causes the babbitt to blister. . Half an hour’s 
babbitting will not suffice to burn off the oil, but if the clay wash is 
used the oil is covered up and smooth bearings result. 

Cast-iron shells are rarely if ever tinned, as such tinning cannot be 
depended upon to hold the lining in place. If the shells are made hot 
enough for the solder to alloy with the iron, the solder will oxidize 
and will not adhere. If kept cool enough not to burn the solder, the 
solder will fail to alloy with the iron, and hence will peel off when cool. 


The importance-of the pouring operation may seem to be exagger- 
ated in this statement, but if it leads the manufacturer to employ a 
skilled workman for pouring bearings, instead of a laborer, the slight 
exaggeration will be justified, for the skilled workman will not only 
pour the bearing properly, but he will also see to it that the qual- 
ity of the babbitt, its temperature and the tinning are what they 
should be. 

The temperature at which the babbitt is poured is important. If 
much above goo deg. Fahr. the shrinkage is very pronounced, and 
porous areas result, while the babbitt will be dirty and oxidized and 
its antifrictional qualities injured. Uniformity of temperature is 
desirable, and this is maintained by the use of a delicate thermostat. 
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The thermostat is set for 860 deg. Fahr. and the gas is shut off when 
880 deg. Fahr. is reached, or if the temperature falls below 840 deg. 
Fahr. more gas is turned on. 

The shape of the lips of the ladle used for pouring bearings is very 
important. The lips should not be sharp but rounded, so that the 
stream will not strike either mandrel or shell, otherwise a burnt 
streak will result. A broad stream or an intermittent stream will 
produce porous areas or masses of blow-holes. A good pourer will 
keep both elbows close to his body, use a hand leather, so that he 
can grasp the handle of the ladle near the bowl, and hold his body 
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Fic. 13.—A plain bearing with formulas for dimensions. 


Fic. 14.—Heavy pedestal bearings with table of dimensions. 
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ReMARKS.—In the column F there are two bolts to shafts 7 ins. dia- 
meter; above that, four bolts in each bearing. The side brasses or cheeks are 
set up with screws AK, but in a manner free from the common objection to this 
method. The screws are inserted from the inside, and have enlarged ends to 
give bearing enough to meet all requirements. The recesses to receive these en- 
larged ends can be cored in the main casting, and the cost of construction is no 
more than in the case of common set-screws, which should never be employed 
unless of very large size. The curves at N are developed to suit the height 
and area of base required. The bosses at O should be at least the depth of 
the plinth or base flange. Two are preferable for shafts larger than 5 ins. 
in diameter. When the caps become heavy the oil box can be made rectan- 
gular to remove useless metal, and is preferable in that form for bearings 
exceeding 5 ins. in diameter. 

When pedestal bearings of this kind are made without side brasses, or with 
a half shell on top, the transverse dimensions can be reduced, and should 
always be as small as possible. For mounting on masonry a sole plate should 
be used. This is generally required for the lateral adjustment of shafts. 


almost rigid while pouring, thus avoiding any surging of the metal 
in the ladle, or splashing. 

If the pourer is not very skillful, a sheet-iron bridge may be riveted 
to the lip of the ladle so that it will extend some distance below the 
surface of the metal. It can be adjusted so that it will give a stream 
of the diameter found best for the bearing being poured. This will 
not only regulate the stream out but keep the dross out of the 
bearing. 

Bearings are preferably poured in a vertical position. Some half 
bearings are poured with the convex side upward through holes cast 
in the shells for the purpose. Very large bearings are usually poured 
with the concave side upward. 

All solid bearings are broached on a broaching machine, which is 
also used for pushing out the mandrel. This operation heats the 
bearing, making it necessary to allow it to reach the room tempera- 
ture before making the finishing cut. 
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Fic. 17.—An improvement on the ring-oiled bearing. 


The necessary allowances for the bore finishes of bearings are 
shown in Fig. rr, which gives the results of many years of experi- 
ence. For additional information on this subject, see Press and 
Running Fits. 

Oil grooves are cut in the finished bearings by hand because, as a 
rule, the babbitt lining is too thin to permit their being cast. Stand- 
ard forms of grooving are shown in Fig. 12. 

The most important element in the production of a satisfactory 
bearing is the pouring. The quality of the babbitt is important, the 
use of a thermostat is important, the tinning is important, but more 
depends on the actual pouring of the lining than on any other one 
element. 

Regarding oil grooves, there is great diversity of opinion and prac- 
tice, With film lubrication their presence on the pressure side of a 
bearing would seem more likely to do harm than good, while with 
ordinary lubrication the reverse is true. Some advocate blind- 
ended grooves to avoid escape of oil, while others object to blind 
grooves because of their liability to become clogged and useless. 
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With film lubrications, open-ended grooves are obviously inadmis- 
sible. One point is settled—the edges should be well rounded to 
facilitate the entrance of oil to the bearing and the same is true of 
the meeting edges of split boxes. Sharp edges of grooves act as oil 
scrapers, not oil distributors, 


Bearing Design 


A drawing of a simple split bearing with formulas for leading 
dimensions is given in Fig. 13, by C. F. Buaxr (Amer. Mach., Nov. 28, 
toor), while Fig. 14 and the accompanying table give dimensions of 
heavy four-part bearings by Joun Ricnarps (A Manual of Machine 
Construction). 

The self-aligning (ball and socket) construction was introduced in 
1849 by Wm. Sellers & Co., as a feature of line shaft hanger bearings. 
It has now come into extended use for large bearings of high-class 
machinery. In connection with the oil ring, first published by 
PROFESSOR SWEET (Engineering, Jan., 1868), it is shown in Figs. 15 
and 16, Fig. 15 being a typical section of a bearing fitted with both 
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Frc. 16.—Dimensions of ball and socket, ring-oiled bearings. 


devices. Fig. 16, with the accompanying table of dimensions, 
gives the practice of the General Electric Co. Bearings up to and 
including 9 ins. diameter have two, and above that size four rings. 

lig. 17 shows an improvement on the oil ring for high speeds, by 
the Builders’ Iron Foundry (Amer. Mach., Feb. 10, 1898), and applied 
by them to grinding and polishing stands. The loose ring is re- 
placed by a collar, which is forced on the shaft and revolves with it. 
The collar dips into a capacious oil cellar below as usual, and a wide 
circumferential channel is cast in the box for the ring to revolve in, 
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Section on Center Line 


Half Section on Center Line 


Half Elevation 


Fic. 19.—Water-cooled bearing with forced lubrication. 
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except that at the top this channel is obstructed by projections a, 
which provide only sufficient room for the collar to revolve freely. 
Their office is to scrape the oil from the ring. This not only deposits 
it on the top of the box, but the force with which the oil strikes the 
projections causes it to shoot down the channels provided for it 
endwise of the bearing. Collecting grooves are provided at the end 
of the bearing, as well as free return channels to the oil cellar. The 
obvious result is a positive flooded circulation of oil throughout the 
bearing. 

Fig. 18 shows a water-cooled bearing, without self-alignment, for a 
large vertical engine, by the Union Iron Works (Amer. Mach., Oct. 12, 
1905). Four passages abcd are cast in the lower half of the bearing, 
the ribs which separate the passages having openings at alternate 
ends to provide a continuous flow, as indicated by arrows in the 
The ends of the outer passages have tapped holes at e f for 
The caps of the bearings have no 


plan. 
the water-pipe connections. 
water connections. 
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The General Electric Co. find water cooling to be increasingly 
effective as the cooling surfaces are brought nearer to the actual 
bearing surfaces. Their preferred construction of water-cooled bear- 
ing, having also forced lubrication, is shown in Fig. 19. A grid of 
cooling pipe is laid in recesses in the bearing sheet in such manner 
as to be imbedded in the babbitt. Both pipe and babbitt anchors 
are exaggerated in size in the illustration. 

Standard oil-retaining grooves, as applied by the General Electric 
Co. to split bearings, are shown in Fig. 20 and the accompanying 
table. 


End Play of Shafts 


The well-known freedom of large shafts, when in motion, to move 
endwise under small forces is thus explained by Lucian E. PIcoLet 
(Amer. Mach., Dec. 15, 1910). 

Fig. 21 represents a loosely fitted bearing resting upon a journal 
and carrying a load P, When the journal rotates, the bearing is 


maintained in position by a force f P, acting opposite to the direc- 
tion of rotation and equivalent to the tangential effort due to the 
friction, f being the friction coefficient. 

For the present purpose the journal and its bearing may be rep- 
resented as in Fig. 22, by a block supporting the load P and resting 
upon a flat surface. If the block slide uniformly under the force X, 
obviously X=f P. Suppose now, another force F be applied perpen- 
dicular to X, as in Fig. 23. When the block is on the point of slid- 
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Fics. 21 to 23.—End motion of a rotating journal. 
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Fic. 24.—Revolving element of the Glocker-White turbine governor. 


ing, the resultant R must be f P, since the resistance to sliding is 
the same in all directions. It at once follows that the application 
of the force F, however small, changes the direction of sliding from 
the direction of X to the direction of R and a gradual creeping takes 
place in the direction of F. It is clear that this end motion will 
occur, no matter how small F is, or how great the friction, because 
R will always be the diagonal of the rectangle formed by the forces 
X and F, and R will change its angle, though not its value, to suit 
the value of F. 
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Advantage may frequently be taken of the freedom of revolving 
shafts to move endwise in the construction of machines of which 
delicate adjustment is an essential feature. 

An example is the well-known dead load tester for pressure gages, 
in which turning the plunger completely frees it of endwise friction. 
Another example is found in the Glocker-White governor, applied 
by the I. P. Morris Co. to four 13,000-h.p. turbines at Niagara Falls 
(Amer. Mach., Aug. 6, 1908), and shown in Fig. 24. 

The fly balls, a, are of special construction to suit the peculiar re- 
quirements of turbine governing. Through links, 6, they act on 
the sleeve, c, through which connection is made with the other 
mechanism of the governor. The driving shaft, d, is cut off at e, 
the spindle, f, being supported stationary at its upper end, sleeve, c, 
revolving upon it. The result is absolute freedom of sleeve, c, to 
respond to the forces exerted by the fly balls. 

- Bearings in which end motion takes place are free from the ten- 
dency to streak, which characterizes bearings with closely fitted end 
flanges. 


Thrust Bearings 


Thrust bearings are much less favorably situated as regards lubrica- 
tion than journal bearings, as, except in the Kingsbury bearing, 
which see below, the film-forming tendency is absent. The best 
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Fic. 25.—Multiple washer thrust bearing. 


that can be expected of such bearings is oily surface lubrication. 
The discovery of the film-forming tendency of journal bearings by 
Beauchamp Tower explained the well-known fact that thrust bear- 
ings must be subjected to smaller unit pressures than journal bearings. 

Much less information is available on thrust than on journal bear- 
ings. A few figures for unit loads will be found in Table 1 of Per- 
missible Loads on Bearings and in Table 9 of Products of Pressure 
and Velocity of Bearings. 

A construction of multiple washer thrust bearing having peculiar 
merit, applied by the Newton Machine Tool Works to worm drives, 
is shown in Fig. 25 (Amer. Mach., Jan. 20, 1898). 

When several loose washers are interposed between the shaft col- 
lar and the face of the shaft bearing, it is obvious that slipping may 
occur between any pair of faces, and that this slipping will take place 
~ between those surfaces which at the moment offer the least friction. 
Should these surfaces from any cause increase their resistance, the 
slipping will be at once transferred to another joint, the various sur- 
faces acting as mutual safety valves to one another, any surface 
which gets into the condition of incipient heating or cutting being at 
once relieved by another taking up the work. The holes in the 
washers are larger than the shaft on which they are placed. This 
construction introduces an irregular compound motion of the sur- 
faces upon one another, the advantages of which are well understood. 


It would seem to the author that these holes might well be + in. 
larger than the shaft. The washers should be covered to avoid 
criticism by the unthinking. 

Washers of vulcanized fiber have been used with conspicuous 
success in thrust bearings. They are used by the G. A. Gray Co. 
in the thrust bearings of their spiral geared planers, each bearing 
consisting of two fiber and one hardened steel disk. Fiber washers 
are also common in drilling machine thrusts. S. P. Yeo reports a 
test of the material under severe conditions (Amer. Mach., Oct. 24, 
1907), as follows: 

Our experiment was on two disks 9 ins. diameter with a 4-in. 
hole § in. thick. We used regular commercial red fiber, bored and 
turned carefully with cut oil grooves in it. The conditions these 
washers worked under were as follows: number of hours per day 
running, 9; revolutions per minute, 15; pressure per square inch, 
350 lbs.; disks running in oil. 

We found upon examining these disks after one month’s service 
that the fiber had worn to a glazy surface and showed very little 
wear. The life of such a pair of disks was 1} years; the same size 
in bronze lasted about three months. 

Fig. 26 shows the step bearing of large Curtis vertical steam tur- 
bines. The bearing plate, or lower block, is of cast-iron rigidly 


Fic. 26.—Step bearing of the vertical Curtis steam turbine. 


held by the frame. The block is guided at the sides and carried 
on a large screw, passing through a steel nut and coming in contact 
with a steel block set in the bearing plate. It is essential that this 
plate should be rigidly held, that its upper face should be a true plane 
set at right angle to the shaft axis, and that the clearance should be so 
small that the relative alinement of blocks and shaft cannot vary 
appreciably. The step plate is likewise of cast-iron and keyed to 
the lower end of the shaft. Both plates are recessed so that the 
surfaces of contact are collars. Directly above the step plate isa 
cylindrical guide bearing. The contact faces of the blocks must be 
truly parallel, and the contact surfaces of the end of the screw be- 
neath the lower block and its mate must be likewise true and free 
from convexity. Oil is introduced through the center of the screw, 
passes upward, enters the recess in the center of the plate, passes out 
between the contact surfaces, and ascends upward through the guide 
bearing, as indicated by the arrows in the illustration. In service 
the plates are actually separated by a lubricating film; some four or 
five times as much lubricant as is necessary is usually pumped as a 
safeguard. The greater the quantity the greater the separation be- 
tween the plates and the less the danger of cutting out. The actual 
separation of the plate is, of course, only a few thousandths of an 
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inch. From this fact it can be seen that this type of bearing calls 
for the best of workmanship. 

True film lubrication takes place in the Kingsbury thrust bearing, 
Fig. 27 (Amer. Mach., Mar. 13, 1913), which shows a bearing installed 
as part of a 17,500-h.p. hydraulic turbine generator of the Penn- 
sylvania Water & Power Co. at McCalls Ferry, Penn. The 
diameter of the bearing is 48 ins. and it carries a load of 410,000 lbs. 
at a speed of 94 r.p.m. The illustration shows the stationary ele- 
ment, the upper babbitted surfaces of the shoes D being the surfaces 
on which the revolving step bears. The shoes are segmental, as 
shown by the detached one at the left. A recess in the lower side 
of each shoe receives a block E one end of which is spherical and rests 
on the similar spherical end of a second block H. When in action, 
the segmental blocks tilt slightly and admit a film of oil between 
themselves and the revolving step, on which film the load is carried. 
Wedges F are for adjustment. A continuous circulation of oil is 
maintained, an inner retaining ring A and an outer ring B retaining 
the oil, of which holes, C, establish the level. 


Fic. 27.—The Kingsbury thrust bearing. 


Fic. 28.—The Schiele bearing as a worm step. 


No general data connecting the pressure and speed at which the © 


oil film is established have been published, to the author’s knowledge. 
Experiments at the works of the Westinghouse Machine Co. devel- 
oped the fact that at a mean rubbing speed of 3240 ft. per min. the 
enormous pressure of 7000 lbs. per sq. in. was sustained without 
destroying the film, although, under this pressure, the babbitt began 
to flow. In the bearing shown, the mean rubbing speed is goo ft. 
per min. and the pressure 350 lbs. per sq. in. Tested under these con- 
ditions, with a circulation of 15 gals. of light mineral oil per min., 
the mean temperature rise of the oil was 44 deg. Fahr., while the 
coefficient of friction reached the remarkably low figure of .coo8. 
The reason for the unsatisfactory wear of step bearings lies in the fact 
that the wear of any bearing is proportional, other things being 
equal, to the product of the pressure on and the velocity of the rub- 
bing surfaces; and in a new flat step bearing, while the pressure is 
uniformly distributed over the surface, the velocity is greater as 
the distance from the center increases. Consequently the bearing 
wears much faster at the outside edges than in the center, and its 
effective area is practically reduced by wear, throwing increased pres- 
sure on the remaining portion and further increasing the tendency 


of the outer portion of the remaining effective surface to wear. The 


whole bearing is thus rapidly worn away in detail, as it were. 

This action is reduced if the bearing surface is a ring instead of an 
entire disk, and it is for this reason that collar bearings, such as the 
thrust bearings of steamships, do much better than step bearings. 

Theory indicates and practice confirms that the Schiele curve bear- 
ing, shown in Fig. 28 as the bearing of a worm, overcomes this 
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Fic. 32. 
Fics. 30 to 32.—The double cone spindle bearing. 


action. This construction is one which the author feels has been 
unduly neglected. It conforms to Professor Sweet’s dictum that 
“things that do not tend to wear out of truth do not wear much.” 
Its basic principle is uniform wear, because its form is such that the 
pressure at different diameters increases as the velocity decreases. 
The cost of its construction is doubtless the chief cause of its neg- 
lect, but in heavy, rough machinery, in which unbored babbitted 
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bearings are admissible, the extra cost is confined to the journal 
where it is not serious. 

The construction of the Schiele curve, together with an approxima- 
tion to it which is practically sufficient, is thus explained by J. E. 
Jounson, Jr. (Amer. Mach., Apr. 21, 1904), who has had ample ex- 
perience with it in rugged work, and who unqualifiedly endorses it, 
one of his bearings having run for seven years without appreciable 
wear. 

X X, Fig. 209, is the center line of the shaft, A B the maximum 
radius of the thrust bearing, and A the point of beginning of the 
curve. With A B asa radius from any point Ca short distance 
from B on the axis, strike a short arc c c, intersecting A Batc. Draw 
the line ¢ C ora small part of it next c, and from point D with the 
same radius proceed similarly, obtaining the lined D and successively 
with points E FG, etc., until the outer portion of last line drawn 
comes down to the minimum radius desired for the bearing or to the 
tadius of the shaft passing through the thrust bearing. In practice 
there is little to be gained by making J K less than half of A B. A 
smooth curve tangent to all the short lines outside their intersecting 
arcs is readily drawn and is the curve desired. The whole operation 
can be done in less time than it takes to describe it. 

For all practical purposes the curve may be drawn as two arcs of 
circles, as shown in the sketch, first an arc struck from the outside 
line of the bearing, prolonged, with a radius of 5-16 R, then tangent 
to this a second arc of radius 15-16 R, with its center on a line diverg- 


ing from the outer line of the bearing at 30 deg. passing through the 
center of the first arc. 

The double cone bearing has approximately the properties of the 
Schiele bearing and has found wide use for the spindles of precision 
machine tools. It originated during the early days of American 
watch making and was developed from the Schiele construction in 
order to take advantage of the grinding machine, since Schiele 
curves cannot be made on those machines. 

Figs. 30, 31 and 32, by Jas. DANGERFIELD (Amer. Mach., Mar. 27, 
1913) show approved constructions. The angles commonly used are 
3 and 45 deg., though angles of 4 and 5 deg. have been used in place 
of 3 deg. 

Fig. 30 shows a typical journal with angles of 3 and 45 deg., the 
groove A being for clearance in grinding. Fig. 31 shows one form of 
construction. In this case the spindle B is soft, the front bearing 
C is hardened and shrunk on; the rear bearing is the sliding sleeve D, 
with a pin £ to key it to the spindle, and adjusted by the split bind- 
ingnut Ff. The bearings C and D are ground in place on their spindle 
to fit the bushes G, which are usually of hardened steel, but bronze, 
cast-iron and babbitt metal have been used. 

Fig. 32 shows a construction by Mr. Dangerfield in which both 
end thrusts are on the front bearing. The rear bearing is straight. 
H is a split taper sleeve closed by the nut J and keyed to its bush K 
by the pin J. In case of wear of the side bearing causing shake, the 
thrust bearing is ground off enough to bring the side bearing to a fit. 
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The following information on this subject is taken largely from a 
paper read before the A. S. M. E. (Trans. Vol., 29) and articles in 
periodicals by Henry Hess, the data sheets published by the Hess- 
Bright Mfg. Co. and the exhaustive treatise, Bearings and Their 
Lubrication, by L. P. Alford. 

Successful performance of ball bearings depends upon the follow- 
ing factors: (a) A high degree of accuracy as regards spherity and 
uniformity of diameter of the balls. The tolerance in first-class bear- 
ings between the diameters of the balls in any one bearing is .ooo1 
in. (0) A high (very high) degree of surface finish. (c) High 
elastic limit of the materials. (d) Hardness, and especially uniform 
hardness, throughout each and all balls—case-hardened balls or 
races are inadmissible. (e) True rolling contact. 

Requirement (e) has caused the failure of more designs of ball 
bearings than any other. Many designs which, theoretically, pro- 
vide true rolling, require a perfection of workmanship to realize that 
condition which is impracticable and which has led to the failure of 
those designs. This is illustrated in Figs. 1-6. Fig. 1 shows a step 
bearing which, correctly made, fulfills the requirement. The points 
of contact a, b, c, d lie in the elements of a cone having its apex at the 
center of the shaft. Slight errors of workmanship throw the points 
of contact out of their correct positions, as in Fig. 2, introduce slid- 
ing and bring about failure. Similarly, Fig. 3, which is correct in 
theory, is subject to maladjustment which destroys correct action, 
and the same remark applies to Fig. 4. Fig. 5 is fatally defective 
because of sliding, while Fig. 6 is initially correct provided the con- 
tact points L M are diametrically opposed, but the correctness is 
subject to destruction by maladjustment. The danger of mal- 
adjustment, when adjustment is provided, is so great as to almost 
justify adding the absence of adjustment to the list of essential 
features. 

Fig. 5 is a type inherited from the bicycle. Its faulty design ex- 
plains its rapid failure. Fig. 6, also a bicycle bearing, is permissible 
in that application because of the light load which it carries. It is 
not suitable for heavy duty. 

Successful operation of ball bearings requires attention to the 

_ following points: 

Bearings must be lubricated. The oft-repeated statement that 
ball bearings can be run without lubricant is pernicious. 

Bearings must be kept free of grit, moisture and acid. This pro- 
hibits the use of lubricants that contain or develop free acids. 

The inner race must be firmly secured to the shaft. It is best to 
do this by a light drive fit, reinforced by binding between a sub- 
stantial shoulder and a nut. 

The outer race must be a slip fit in its seat. 

When thrust is taken in both directions it should be by the same 
bearing. This avoids all strains due to flexure of the shaft or of 
the housing or due to temperature variation and, while doing away 
with the considerable shop costs inseparable from correct length- 
wise dimensioning, avoids the danger of excessive end loads from 
forcible assembly consequent on an inaccurate lengthwise location 
of parts. , 

More than one bearing should never be dismembered at a time, 
in order to avoid the danger of mixing balls from different bearings; 
such balls from different bearings are apt to vary more than is per- 
missible for the individual bearing. 

Lubricants may range from the lightest of spindle oils at high speeds 
to fairly heavy greases at low speeds. The less frequent the atten- 
tion given, the heavier should be the lubricant. An excess of lubri- 
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cant, enough to force out at the closures, should be employed when- 
ever the entrance of grit or moisture is to be feared. Lubricants 
containing or developing acid or containing free alkali must be 
avoided, as must those that become rancid. 

A ball bearing, like a plain bearing, must have a running clearance; 
but in the well-made ball bearing this clearance is much smaller than 
in a plain bearing; in all new bearings this freedom (radial freedom) 
is less than .oor in. The radial freedom is accompanied by an 
endwise (axial) freedom of one race with reference to the other; this 
will vary with the ball diameter and ranges from .o006 in. to .o06 
in. for new bearings. 

A properly made and not overloaded ball bearing will not show 
wear in the ordinary sense of plain bearings, i.¢., a reduction of the 
diameter and increase in bore. That and reduction in ball diameter 
can occur only when abrasive grit is admitted to the bearing. Grit 
will quickly grind down a bearing at a rate depending only upon the 
sharpness of the grit and the amount of time the bearing is exposed 
to it. ; 

An overloaded bearing will not be worn, but the surfaces of the 
balls and races will be destroyed; that will show first by minute pin ~ 


Fics. 1 to 6.—Correct but impracticable designs of ball bearings. 


holes and later by flaking. A large ball will take more than its share 
of the load and may therefore bring about all the appearances of an 
overloaded bearing; to avoid this, no ball must vary by more than 
.coot in. from its fellows in the same bearing. It is on this account 
that bearings must never be dismembered, as otherwise balls are 
likely to be mixed; neither must repairs be made by adding balls to 
aset. Such repairs should be undertaken only by the maker, who has 
full sets of even-size balls available. The balls of commerce are 
never sold within the necessary limits. 

Rust is absolutely destructive to a ball bearing. It is very readily 
recognized; even in a bearing which has been cleaned so that no red 
rust is to be seen, the presence of more or less pronounced pits and ex- 
coriations, not only on the race surfaces, but also on the other parts 
of the bearings, is clear evidence. These pits are very distinct in 
appearance from those due to overload; aside from that, overload 
pits are necessarily confined to the balls and the ball tracks. 

Although the presence of acid or alkali in many lubricants is well 
known, its destructive effect is not generally conceded, but attrib- 
uted to rust and overload. Nevertheless, it is a very serious menace 
with some lubricants; its ravages are clearly enough distinguished 
from overload, because they are found elsewhere than on the balls 
and ball tracks; the marks are also quite distinct from rust marks; 
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the acid marks often are pits, but always show also clearly-defined 
irregular etchings, similar to, though less pronounced than, those 
produced by acid etching of damascened gun-barrels. 

A very considerable rocking freedom of the one race with refer- 
ence to the other as the result of grit cutting will do no harm. An 
amount of rocking that at first seems alarming in the individual 
bearing may be due to a radial clearance of but few thousandths of 
an inch. It is the radial clearance which determines the further 
usefulness of the bearing; as two bearings are always used at some 
distance apart in the support of a shaft or wheel, the rock is governed 
by the radial freedom of the bearings and the distance between them, 
not by the angular freedom of the bearings individually. To deter- 
mine its true radial freedom, the bearing must be so held that the 
races are moved only crosswise without any lengthwise or tilting 
motion. 

Bearings in which the balls or ball tracks are pitted or roughed up 
from rust, acid or overload are usually beyond repair. 

Bearings that are ground down by grit so as to be loose, can be 
put in good order by refilling with a new set of larger balls. The 
same amount of care must be exercised to have all these balls within 
.ooct in. as with a new bearing; it will not do to put in a few new balls 
only, nor will it do to accept a dealer’s belief that the balls in his 


between the balls, have become the accepted design by the Hess- 
Bright Mfg. Co. Some other manufacturers prefer the cut race 
filled with balls and without separators. 

Running tests and accumulated experience have proven that this 
type of bearing with separators will also carry a thrust load far be- 
yond what would be expected or what calculations based on the 
wedging action would indicate. The safe thrust-carrying capacity 
of such bearings is 75 of the radial-load capacity, though under 
special conditions more may be imposed, depending on the relation 
of ball diameter, race curvature and number of balls. 

Typical correct mountings of bearings for radial loads—combined 
in some cases with moderate thrust—are shown in Figs. 9-12. 

Fig. 9 shows a mounting for radial load without thrust. 

The inner race A should be a light drive fit on the shaft, and should 
further be securely clamped between a shoulder on the shaft and a 
nut, or their equivalents. 

The shoulder C should not be too small; about half the thickness 
of the inner race for small bearings, and about 2 the thickness of 
the inner race for large bearings, is good design. 

The nut, when well set up, should be firmly secured against jar- 
ring loose. An effective device consists of a split spring-wire ring 
with one end bent inward to pass through a hole drilled through the 
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Fics. 7 to 12.—Radial bearings for radial and thrust loads. 


bin are within the necessary limit. Unless this grinding action has 
lasted too long, it will be practicable to restore the bearing to some- 
where near its original condition; even though such refilled bearing 
should be somewhat looser than a new one, that does not justify the 
expense of a replacement. 


Radial Bearing Mountings 


Fig. 7 shows the principle of the modern form of radial bearing. 
The curvature of the race cross-section is an important factor in the 
carrying capacity of the bearing. The local groove, Fig. 8, to permit 
assembling the balls, if used, must be confined to the stationary race 
and be placed at the unloaded side of the bearing. This requires 
two designs, one with the cut in the outer race, if the shaft revolves, 
and one with it in the inner race, it the housing revolves, or else the 
load must be limited to that permissible with straight races. More- 
over, at high speeds, the rotation of the balls at the filling opening 
injures the balls and races. For these reasons uncut races with 
such a number of balls as may be then assembled, and separators 


nut into the shaft, the body of the ring lying in a circumferentia 
groove turned in the nut. 

The outer race B should be a slip fit in the box; it should not be 
bound endwise. 

Failure to securely clamp the inner race on the shaft may produce 
trouble. It has been found that the hard race occasionally cuts 
into the relatively soft shaft, particularly when loads are heavy and 
of a pounding or vibratory character. A reliance on a drive fit 
alone is not safe. Such fit may be poorly made, it may be destroyed 
by occasional dismantling, or it may he destroyed by the load peen- 
ing down the shaft surface. 

Failure to mount the outer race with a slip fit may prevent it 
from taking up an unrestrained position with reference to the inner 
race and the balls and so produce an end thrust uncontemplated in 
the initial selection of the bearing that might soon prove destructive. 

Fig. ro shows a mounting for combined radial and thrust loads. 
This arrangement diflers from that of Fig. 9 only in having the outer 
race B of the bearing secured endwise in the case with slight clear- 
ance each side. Any thrust parallel to the axis of the shaft or any 
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tendency of the shaft endwise will be taken 
up by the bearing acting as a thrust bearing. 

Fig. rz is a combination of the elements 
shown in Figs. 9 and 10; the remarks already 
given apply here also. 

Whenever there are two or more bear- 
ings on a shaft the parts must be so ar- 
ranged that whatever end thrusts there 
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direction on one bearing and the opposite 
thrust on the other bearing. In that case 
any inaccuracy in the machining of shoul- 
ders on the shaft or in the case will cause a 
destructive thrust to be set up through the 
balls and bearings as soon as the end nut on 
the shaft is set up. Similarly, deflections 
of shaft or housing, or temperature varia- 
tions will set up such end thrusts. 

Aside from the avoidance of these possi- 
ble sources of trouble, the construction 
recommended has the advantage of less 
shop cost, because avoiding otherwise 
necessarily very accurate work. 

The illustration also shows the use of a 
distance sleeve to permit of the endwise 
binding of the inner races of both bearings 
by one nut only. 

Fig. 12 shows a construction for taking 
radial and thrust loads on separate radial 
bearings. A radial bearing is mounted as 
near the load as may be and in the usual 
way to take only radial load. Beyond ita 
similar radial bearing is similarly mounted, 
but with its outer race clamped endwise to 
take thrust. To prevent the radial load 
being imposed on this bearing the seat is 
counterbored to free the bearing diameter. 
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Fics. 13 to 19.—Various applications of ball bearings. 


\ Ve The use of the radial type to take thrust 
=e! NS y is preferable for speeds above 1500 r.p.m. 
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by speed. If the thrust direction alter- 
nates there will be a slight endwise play of 
the shaft, since the inner race has an axial 
or endwise freedom of .ooo6 in. for the 
small bearings to .oc6 in. for the larger ones; 
this will be increased by too heavy loading. 

Fig. 13 shows a mounting for loose pul- 
leys, conveyor rolls and the like, on hori- 
zontal shafts consisting of a standard inner 
hub on which a loose pulley of any desired 
diameter, and of not more than the speci- 
fied width, may be secured by means of 
a key. The inner races are a light drive 
fit on a sleeve which is held by set screws 
or keys on the shaft. The outer races are 
a slip fit in their housings and one is con- 
fined with a slight end clearance, while the 
other race is free endwise. 

Fig. 14 shows a mounting for a mule 
pulley on a vertical shaft. The shaft is 
stationary and the pulley rotates. Two 
objects are gained by the peculiar form of 
mounting shown. One is retention of oil, 
which would tend to throw out, owing to 
centrifugal force, if the outer races rotated 
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in the usual manner. The other object is distribution of wear 
around both races, With a stationary shaft it is evident that clamp- 
ing the inner race causes all the wear to take place at a single point 
of that race. Where the outer race is fixed and the shaft rotates, 
concentration of wear is prevented by the standard mounting, 
which allows the outer race to creep slowly around. In the 
mounting illustrated herewith the outer race is attached to the 
shaft and the inner race rotates with the pulley. Thus the wear on 
the inner race is distributed by rotation, and the outer race distrib- 
utes its own wear by creeping. The objection to allowing the inner 
race to creep when mounted directly on the shaft is that the contact 
surface between the inner race and the shaft is not large enough to 
sastain the load without peening or wear of the shaft, or both. 

It is evident that oil will be retained without splashing around both 
upper and lower races, even if the shaft be reversed end for end. A 
certain amount of tilting of the shaft is also permissible. 

Fig. 15 shows a typical mounting for a high-speed spindle and 
pulley. In machine-tool work, especially in grinding, it is highly 
important that the spindle be subjected to no unnecessary forces 
producing sidewise wear of the bearing. The pulley, therefore, should 
be supported by bearings independent of those in which the spindle 
runs. ‘The spindle itself is mounted in ball bearings in the usual way. 
The back end of the spindle extends without contact through a sta- 
tionary tubular support on which is mounted a second pair of ball 
bearings, whose sole function is to support the pulley. Driving con- 
nection between the pulley and the spindle is provided by a pair of 
splines or feathers riveted into the hub of the pulley and fitting loosely 
in keyways in the spindle. These splines permit the pulley bearings 
to be out of line with the spindle bearings or to wear faster than the 
latter without impairing the true running of the spindle. 

The rear ball bearing of the spindle (7.e., the one in the center) has 
a special outer race without a groove. This construction is provided 
against the possibility of the spindle expanding from the heat devel- 
oped at the wheel when grinding. With the form of race shown, the 
inner race can move indefinitely lengthwise without the outer race 
being forced to follow it, which it might fail to do if it also expanded 
slightly. 

Figs. 16, 17 and 18 show mountings on shafts without shoulders, 
with provision for securely clamping the inner race of the ball bearing, 
while distributing the peening effect of the load on a sufficient length 
of shaft. Fig. 16 shows a radial bearing mounted in the usual manner 
on a sleeve, the inner race clamped by means of a nut against a sub- 
stantial shoulder on a sleeve. The sleeve is locked to the shaft by 
means of two set screws with fitted ends sunk into the shaft. A 
spring ring is then snapped into a circumferential groove in the sleeve 
and into the slots in the set screws, securely locking them against 
jarring loose. 

Fig. 17 includes a collar thrust bearing. Lighter thrust in the 
reverse direction is taken by the radial bearing. The set screws must 
be large enough to let their pilot ends take the end thrust without 
danger of shearing. The set-screw heads must, of course, be accessible 
from the end or through suitable holes. 

Fig. 18 shows an adapter bearing used chiefly on line shafts. The 
adapter consists of two steel sleeves or bushes; the outer bush is 
driven home to its shoulder with a light drive fit. This bush is bored 
out taper to suit the inner split bush. The inner bush should be 
driven home on the shaft when the bearing and outer sleeve are in 
place; that will firmly and truly bind the whole on the shaft. The 
taper is sufficient for adaptation to the ordinary variation in shaft 
sizes. After the inner bush is driven home good and hard on the 
shaft, the split collar is brought against the bearing and clamped on 
the projecting bush end, thus safeguarding against the tendency of 
vibration to back out the taper bush. 

For shafts requiring great steadiness of movement, as in precision 
grinding machines, ball bearings alone have been found inadequate 
and Fig. 19 shows the application of a floating bush to a thickness- 

3 


grinding machine at the Underwood Typewriter Works, (W. M. 
ByorxMan, Amer. Mach., Feb. 9, 1911). 

The bushes are located close to the ball bearings, and have inside 
and outside clearances of about zi455 in. They have also end 
clearances sufficient to permit appreciable movement. The bushes 
carry no load, but the clearances fill with oil which acts like a dashpot 
to suppress the minute vibrations which would otherwise arise in 
the ball bearings. Not being loaded, the bushes do not wear, and 
their only resistance is that due to the viscosity of the oil. To pre- 
vent endwise movement of the spindle, the two thrust ball bearings 
near the right-hand end of the spindle are provided with an adjustable . 
take-up, which allows metal to metal contact to be made without 
crushing. 

In Figs. 9-12 the groove and lip end closures shown are very effect- 
ive in excluding dust and grit and in retaining oil. They should be 
bored out no more than ¢; in. larger than the diameter of the shaft. 
Figs. 20-23 show still more effective arrangements. 

Fig. 20 is a modification useful where much very destructive 
fine grit is afloat or liquid is encountered under slight pressure. 
The second outer groove is filled with a semi-solid grease that makes 
a definite, frictionless packing. Its wearing away is compensated 
from a hand- or spring-operated grease cup; the latter type is prefer- 
able, but demands a proper balance between grease consistency under 
various temperatures and the spring pressure. The hand-operated 
cup is more definite for all conditions, provided it is occasionally set 
up. 

Fig. 21 is used where liquid under considerable pressure must be 
kept out. For occasional submersion the outer groove is simply 
drained outward with a free drain hole. For continuous submersion 
this drain hole must be connected to a pipe whose end is clear and 
low enough below the liquid to drain. 

Many constructors prefer to pin their faith to some positive felt 
packing for keeping lubricant in and foreign matter out. Felt wash- 
ers, as usually arranged, soon lose their contact with the shaft as they 
grow hard and are then worn away. 
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Fics. 20 to 23.—Oil-retaining and dust-excluding devices. 


Fig. 22 shows an arrangement for sealing at the shaft. A spring- 
wire ring encircles the felt washer; its pressure will force the felt 
into sealing contact. If the washer is laid up from a strip with 
scarfed ends instead of stamped from a sheet the spring ring need not 
be so stiff. 

Fig. 23 shows a seal applied between a rotating hub and fixed box. 
The hub face and ring, being both beveled will permit of very con- 
siderable wear. 


The felt should be thoroughly soaked in a good cylinder oil. Mutton 


tallow and similar acid producers must not be employed. 


Collar Thrust-bearing Mountings 


Tn collar thrust bearings, aligning washers are necessary to secure 
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Wherever shaft deflections are liable to occur, the thrust bearing 
must have an underlying washer, or a special aligning washer must 
be inserted under the ball-seated race. In either case the aligning 
washer must be free to shift laterally to accommodate itself to the shaft 
A ball-seated thrust bearing without the aligning washer 


deflection. 
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Fics. 24 to 34.—Principles and arrangements of collar thrust bearings. 


uniform loading of the balls. These washers frequently take the 
incorrect form shown in Fig. 24. One plate is convexed to rest ina 
concaved aligning seat. This form is wrong in that both plates fit 
the shaft and so cannot move relatively. Fig. 25 shows this corrected 
by freeing the lower plate from the shaft. This allows for certain 
errors, but not for all. Fig. 26 shows the full solution for every pos- 
sible error of machining or of deflection. An aligning washer is added 
to receive the lower plate; this washer also is free of the shaft and also 
free of the seat, so that it may move crosswise. In Fig. 27 a complete 
unit-handling ball bearing is shown, which consists of two plates, an 
interposed set of balls, the lower plate convexed to seat in a concaved 
universal aligning washer, and a cage to hold all together. 

These constructions are safeguards to provide for small unavoid- 
able errors. It is clear that large errors will be accompanied by large 
eccentric action of the aligning washers, which will be accompanied 
by friction. 

Typical correct mountings of collar thrust bearings are shown in 
Figs. 28-38. 

The collar type of bearing, at speeds below 1500 r.p.m., will take 
higher thrust loads than the radial type. 

The bore of the rotating plate A, Fig. 28, is ground to a definite size 
and is usually seated on the shaft. The bore of the fixed plate B is 
rather larger. . 

In order to insure an even distribution of the load over the entire 
series of balls, the seating surface of the stationary plate is spherical. 
If the thrust load is apt to be relieved sufficiently to permit a separa- 
tion of the plates this must be prevented by a suitable arrangement, 
since otherwise the cage with the balls would drop slightly and the 
balls would be pinched as the pressure was again put on. 


Fics. 35 to 38.—Foot step bearings. 


is good only for angular misalignment, not for deflections invotving 
lateral shift of the shaft axis. 

By arranging two bearings to face in opposite directions, Fig. 20, 
thrust in opposite directions is taken up on ball bearings. Care must 
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be exercised that no undue amount of thrust is set up by the initial 
adjustment of the nut behind the bearing. Setting up must not be 
carried to the point of feeling the bearing resistance; ball-bearing 
friction is so low that it is perceptible to the touch only under loads 
that mean serious overload. 

When the thrust in one direction is light, a plain disk step may 
answer to replace the second ball thrust, as shown in Fig. 30. 

Combinations of radial and collar bearings—the former taking radial 
and the latter thrust loads—are shown in Figs. 31-34. 

In certain combinations of sizes the rotating plate of the collar 
bearing might be large enough to come into contact with the stationary 
outer race of the radial bearing. The insertion of a washer will 
prevent that (Fig. 31). . The inner race at A should be a light press 
fit. 

Where the radial load causes heavy hammering and is large as com- 
pared with the thrust, it is well not to rely merely on the press fit of 
the radial-bearing inner race nor yet on the end-clamping due to the 
thrust load. By interposing, as in Fig. 32, a locked nut between the 
collar and the radial bearings, the latter will be securely clamped 
endwise. This is the preferred construction: it should be used wher- 
ever possible. 

The action of the spherical seat in compensating for deflections of 
shaft and housing and inaccuracies of alignment will be best when the 
center of the spherical seat lies as nearly under the center of the 
radial bearing as is possible. 

The arrangements shown in Figs. 33 and 34 have been advanta- 
geously employed in motor boats to take the thrust of the propeller 
shaft as well as its weight. Similar combinations are in use in steam 
yachts of 300 h.p. and in worm-driven elevators. 

The arrangement of Fig. 33 is preferable. If the center of the ra- 
dial bearing be also the exact center of the ball seats of both thrust 
bearings, the aligning washers may be dispensed with. Generally, 
however, it is more convenient to use them and-shorten the length of 
the block, incidentally providing for small errors and deflections. 

Figs. 35 and 36 show suitable arrangements for the lower end journals 
of vertical shafts. 

Figs. 37 and 38 show mountings for end thrust on upper or interme- 
diate journals, which differ from the mountings for lower end journals 
in the provision made for oiling. A cup is carried upward along 
the shaft to a height that will ensure the balls being about half 
immersed. 

Fig. 37 takes thrust on collar bearing only. The oil cup A may be 
tightly spun or threaded in, or otherwise arranged to prevent the 
escape of oil in any way other than by overflow at its top. 

Fig. 38 takes thrust and radial load on collar and radial bearings. 
The thrust arrangement is practically that of Fig. 37. In order to 
provide an oil level for the radial bearing this is not mounted directly 
on the shaft, but on a collar which has an annular space next to the 
shaft into which the oil cup A projects upward toa sufficient height. 

The two oil spaces may be separately filled, or the lower one by 
overflow from the upper. 

Figs. 35 and 37 take thrust only. Figs. 36 and 38 take radial and 
thrust loads on separate bearings. The sleeve or bush between the 
two bearings will prevent any contact between the rotating plate of 
the collar bearing and the stationary outer race of the radial bearing. 

The action of the spherical seat in compensating for deflections of 
shaft and housing and inaccuracies of alignment will be best when 
the center of the spherical seat lies as nearly in the center of the radial 
bearing as is possible. 


The Load Capacity of Ball Bearings 


The load-carrying capacity of radial ball bearings, according to the 
. practice of the Hess-Bright Mfg. Co. (based on the researches made 
for it by Professor Stribech), may be determined from the formula: 


P =knd? 


in which P=load on bearing, 
n=number of balls required to fill the races, 
d=diameter of balls, 
k=a coefficient depending on the type of bearing, the 
material and the speed. 


For Hess-Bright bearings, in which the radius of curvature of the 
outer race groove=7%;d, and that of the inner race groove=%2d, 
separated balls being used and uniformly distributed load and 
uniform speed below 3000 r.p.m. being assumed, k=g (for load in 
Ibs. and d in units of § in.). For full type bearings with the filling 
opening in one race at the unloaded side, otherwise as above, k=5. 
For both ball tracks interrupted by filling openings, inelastic cage 
separators for the balls, or for full ball type; and speeds not over 
2000 r.p.m. with a uniform distributed load, k=2.5. For thrust 
load on a radial bearing of the first type in this tabulation k =0.9. 

In general, the larger the number of balls, the smaller the value of 
k. The radial load bearing is, within the limits stated, practically 
unaffected by the speed as to its carrying capacity. 

Collar thrust bearings are made of three general types. In the 
first both races are flat; in the second one race is flat the other grooved; 
in the third both races are grooved. The load-carrying equation 
given by Mr. Hess is: 

kind? 
A/S 
in which P =load on bearing, 
n=number of balls, 
d=diameter of balls, 
S=r.p.m., not exceeding 3000, 
k, =a coefficient depending on the material and the shape of 
the ball races. 


For the materials used by the Hess-Bright Mfg. Co. and for races 
having grooves with a cross-sectional radius equal approximately to 
.82d, ki1=25 to 4o (for loads in lbs. and d in units of + in.). For 
unhardened steel, such as is occasionally used for very large races and 
where there is no hammering or sharp blows, ki=.5. When one or 
both races are flat k; should be reduced to one-fourth the above value. 

The Standard Roller Bearing Company give the following load- 
capacity formulas for ball thrust bearings having a groove in each 
washer, stating that the ratings obtained from their use are very 
conservative and give a condition of loading under which a bearing 
can be guaranteed if properly installed and lubricated. 

The formula for the light-type bearing with 17 balls is: 

nd 
P=3 eo 5 
in which P=load on bearing, lbs., 
d=ball diameter, ins., 
n=number of balls, 
a=pitch diameter of the ball grooves, ins., 
S=speed of the shaft, r.p.m. 


The formula for the medium and heavy bearings having 11 and 
g balls respectively is: 
nd 
P=109, eo) 5 
The notation is the same as given above. 
Ball thrust bearings are commonly of the two-point type to which 
according to the S. R. B. Co., the preceding formulas apply. 
Variations in speed cut down the carrying capacity; sharp varia- 
tions of small amplitude, particularly at high speed, have the more 
marked effect. Their reducing action is similar to the battering 
effect of sharp load variations. 
Load variations reduce carrying capacity, the effect increasing 
with the amount of the load change and the rapidity of such change. 
Accumulated experience with various classes of mechanisms is so 
far the only available guide for estimating the reductions in the con- 
stants k that must be made to take these influences into account. 
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The frictional resistances of ball bearings have, by actual measure- 
ment, been found to vary from .oorr to .o095. These are the coeffi- 
cients of friction referred to the shaft diameter, thus permitting direct 
comparison with those of sliding friction. The higher values are 
due to conditions that cause a preponderance of sliding as compared 
with rolling friction. It must be remembered that there is no such 
thing as a bearing having only rolling friction; that might be possible 
were balls and races made originally with absolute truth of surfaces 
and were such truth then maintained by the absence of deformation 
under load. Ball bearings having a coefficient of friction materially 
above .oors under the greatest allowable load are inadmissible 
because too short-lived. The high resistance indicates the presence 
of too large an element of sliding. 

A good ball bearing will have a coefficient of friction, independent 
of the speed within wide limits, and approximating .oo15. ‘This 
coefficient will rise to approximately .oo30 under a reduction of the 
load to about one-tenth of the maximum. 


Dimensions of Ball Bearings 


The dimensions of ball bearings are well standardized. Oddly 
enough, ball diameters are universally expressed in inches and frac- 
tions thereof, while the dimensions of the races are given in either 
millimeters or English units. German builders use millimeters with 
a single exception where a firm has developed a series in English 
units, adapting them for the British trade, though that firm also uses 
chiefly ball bearings in millimeters. Even in England most ball 
bearings are made to millimeters as is also the more general practice 
of American manufacturers who have followed the German example. 
This general adoption of the millimeter dimensions is due to the fact 
that early German makers rehabilitated the ball bearing by the devel- 
opment of the principles and construction data of the modern type 
and secured a wide vogue for their products that made the sizes 
standard. As a rule each manufacturer makes a wide and narrow 
type of radial bearing, with three series for each; namely, light, 
medium, and heavy. In some cases a fourth series has been standard- 
ized, known as extra heavy. 


TABLE 1.—DIMENSIONS OF RADIAL BALL BEARINGS—LIGHT SERIES 


Noe | Corner at p 
At Bore | Diameter Width bore of | Radial 
hearst | inner race | aS 
Ome Mant on Marl Tas (Maline fs 
200! I0 0. 39370 30 |r. 18110 9 |o.35433| 1 |o.o4| “120 
201] I2 |0.47244| 32 |1.25984] 0 |0.39370/ I |0.04] 140 
202| 15 10. 59055 35 |t-37795 II j0.43307| I '0.04] 160 
203} 17 |0.669209} 40 1.57481 -12 0.47244] I j0.04| 250 
204| 20 |0.78740} 47 1.85040 14 jO.55118} I |0.04) 320 
205 25 0.98425, 52 |2-04725] 15 10. 59055) I |0.04) 350 
206} 30 1.18110] 62 |2.44c95| 16 |o.62992| I |0.04) 550 
207| 35 [t-37795| 2 |2. 83465| 17 |0.66929] I |0.04} 600 
208 | 40 ‘1.57481 80 |3.14962| 18 |0.70866| 2 0.08] 860 
200] 45 'I.77166| 85 |3.34647| 19 |0.74803} 2 |0.08! gs5o0 
210} 50 |1.96851) 9° |3.54332| 20 0.78740) 2 J|0.08] 1000 
211} 55 2.16536] 100 |3-93702 21 |0.82677| 2 |0.08]) 1160 
212| 60 |2.36221| 110 |4.33072| 22 |0.86614| 2 |0.08 I550 
213} 65 |2.55906} 120 14.72443| 23 |0.90551| 2 |0.08) 1670 
214} 70 |2.75591| 125 14.92128| 24 0.94488 2 |0.0c8):1820 
215}. 75 |2.95277| 130 |5- 11813) 25 |0.98425| 2 |o.08} 2130 
216| 80 |3.14962| 140 |5.51183]) 26 [1.02362) 3. |o.12| 2650 
214| 85 3.34647) 150 5.90554 28. |1.10236| 3 |o.12| 2850 
218} 90 |3.54332| 160 |6.20924| 30 I. 18110 3. |0.12] 3400 
219} 95 |3-74017| 170 |6.69294| 32 |1.25984] 3 |0.12| 3750 
220) Ico (3.93702 180 |7.08664| 34 |E.33858| 3 |0.12} 3950 
221) 105 4.13387] 190 1748035] 36 ‘1.41732 3  |0.12] 4600 
222) I10 |4.33072| 200 |7.87405| - 38 |1.49607| 3 |0.12| 5000 
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TABLE 2.—DIMENSIONS OF RADIAL BALL BEARINGS—MEDIUM 


SERIES 

No. Corner at : 
of Bore Diameter Width bore of eet 

bear-| __ hot ’ | inner race Ibs 2 
ing |Mm.| Ins. |Mm Ins. | Mm Ins. |Mm.| Ins. ; 
300] 10 |0.39370| 35 |1.37795| II |0.43307| I |o.04) 200 
Zz01| 12 |0.47244| 37 |1.45669) 12 |0.47244) I |0.04) 240 
302| 15 |o.59055| 42 |1.65355| 13 |O.51181| I |0.04, 280 
303| 17 |o.66929| 47 |1.85040| 14 |o.55118) 1 ‘lo.04| 370 
304| 20 |0.78740|} 52 2.04725) 15 |0.59055, I |0.04) 440 
305) 25 0.98425| 62 2.440905, 17 0.66929 I 10.04] 620 
306] 30 |1.18110| 72 |2.83465| 19 |o.74803/ 2 |0.08| 860 
307| 35 |1.37795| 80 |3.14962| 21 |o.82677| 2 |0.c8} 1100 
308] Ao |r.57481] 90 |3.54332) 23 ]0.90551| 2 |o.08) 1450 
309| 45 |1.77166| 100 |3.93702| 25 |0.98425| 2 |0.08) 1750 
310] 50 |1.96851| I10 |4.33072| 27 |1.06299| 2 |0.08) 2100 
311] 55 |2.16536] 120 |4.72443| 29 |1.14173| 2 |0.08] 2400 
312| 60 |2.36221| 130 |§.11813] 31 |I.22047/ 2 |0.08| 2800 
313) 65 |2.55906] r40 5.51183] 33 |-20021| 3 jo.%2113300 
314) 70 |2.75591| 150 |5.90554) 35 |1-37795| 3 |O-.%2) 4000 
315/ 75 |2.95277| 160 |6.29924, 37 |1.45669| 3 |0.12) 4400 
316] 80 |3.14962| 170 |6.69294) 39 |1.53544| 3 0.12) 5000 
317| 85 |13.34647| 180 |7.08664] 41 |1.61418) 3 0.12] 5700 
318} 90 |3.54332| 190 |7.48035) 43 |1.69292| 3 jo.12| 6400 
319] 95 |3.74017| 200 |7.87405| 45 |1.77166) 3 |0.12| 7000 
320] 100 |3.93702) 215 |8.46460) 47 |1.85040, 3 |o.12| 7700 
321| 105 |4.13387| 225 |8.85830] 49 |1.92914, 3 |o.12| 8400 
322] 110 |4.33072| 240 |9.44886| 50 |1.96851, 3 |0.12|10000 


TABLE 3.—DIMENSIONS OF RADIAL BALL BEARINGS—HEAVY 


SERIES 

No. | | Corner at : 
of Bore Diameter Width bore of Radial 

bear-, inner race ee 
ing |Mm.| Ins. |Mm.| Ins. |Mm.} Ins. |Mm.| Ins. ‘ 
403} 17 |0.66929] 62 | 2.44095] 17 |0.66929} I 0.04) 850 
404| 20 |o.78740| 72 | 2.83465] 19 |o.74803] 2 [0.08] 1050 
405| 25 |o.98425| 80 | 3.14962| 21 |0.82677| 2 |0.08}) 1320 
406) 30 |r.181I0] 90 | 3.54332] 23 |o.90551| 2. |0.c8} 1600 
407| 35 |1.37799| 100 | 3.93702] 25 |c.98425} 2 [0.08] 1900 
408] 40 |1.57481| II0 | 4.33072] 27 |1.06299| 2 |0.08} 2200 
409| 45 |1.77166] 120 | 4.72443] 29 |1.14173} 2 |0.08) 2500 
4Io| 50 |1.96851] 130 | 5.11813] 31 |1.22047| 2 |0.08) 3400 
AIT} 55° |2. 10536) 140) || 5.55183) 334\t2002TIs 1s ONL O00 
412) 00 |2.°36222) 150 | 5.005541) 35 5.37705) aso Oat 2ima4oo 
413} 65 |2.55906| 160 | 6.29924] 37 |1.45669} 3 |0.12| 4900 
414] 70 |2.75591| 180 | 7.08664] 42 |1.65355| 3 |0.12| 6200 
415} 75 |2-95277| 190 | 7.48035] 45 |1.77166| 3 |0.12) 6600 
416} 80 /3.14962] 200 | 7.87405] 48 |1.88977| 3 |0.12| 7300 
417| 85 |3.34647| 210 | 8.26775] 52 |2.04725] 3 |0.12] 8580 
418] 90 |3.54332] 225 | 8.85830] 54 |2.12599| 3. J|o.12|10000 
419] 95 |3-74017| 250 | 9.84256] 55 |2.16536| 3 |0.12/11880 
420) 100 |3.93702| 265 |10.43311| 60 |2.36221| 3 |o0.12/14000 


Thrust bearings are usually made in three series, light, medium, and 
heavy. The heavier the bearing the larger the balls for a given 
strength. 

At the 1911 spring meeting of the Society of Automobile Engineers, 


the standards committee rendered a report containing Tables 1, De 
and 3, giving recommended standard dimensions for the light, 
medium, and heavy series, respectively, for radial ball bearings. 
These standards are referred to as Ball Bearings Standards A. The 
last column gives a radial load rating in pounds for each bearing. In 
this connection the committee reported: 
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BALL AND ROLLER BEARINGS 


“Attention is called to the fact that the capacities given in the 
tables are based upon ball bearings manufactured of suitable work- 
manship and of suitable material and running at uniform speed and 
uniform radial load, the speed not exceeding 500 r.p.m. 

“Tt is further suggested in explanation of the load standards that 
it cannot be expected that all conditions will be covered by the loads 
given. For conditions of shock, end thrust, and a combination of the 
two, greater factors of safety will have to be used.” 

The dimensions and capacities of Hess-Bright thrust-collar bear- 
ings, light and medium weight series, are given in Tables 4, 5 and 6. 

The center of R is on the center line; its location is not quite def- 
inite, but will be approximated by drawing the ball seat tangent to a 
corner fillet r at the base. 

The inch dimensions are the nearest equivalents to the even mm. 
in which the bearings are made. The loads cited are safe for steady 
speeds and constant loads. Consult the manufacturer regarding 
loads for speeds above 1500 r.p.m. 

The bearings shown in Fig. 40 are the same as those shown in Fig. 
39 but with balled seat washer and enclosure. For loads and speeds, 
also for dimensions of bearings themselves, consult the upper table. 

It is advisable to give the aligning washer some freedom of side- 
wise movement as shown, to permit it to assume its best position in 
case of shaft oscillation. With such freedom allowed, the shaft may 
be a snug fit in the upper race. 

If side freedom cannot be given the aligning washer, the shaft 
must be a loose fit in the upper race. 


Roller Bearings 


The well-known roller bearings with hollow, cylindrical, helical, 
flexible rollers made by the Hyatt Roller Beating Co. are used in 
machinery in general, on line shafting and in automobiles. The 
rollers are wound from flat strip steel into a closed helical coil. Thus 
they are flexible and can adapt themselves to slight irregularities in 
either journal or box without causing excessive pressure. The cylin- 
drical hollows in the rollers serve as storage spaces for lubricant and 
the helical interstices distribute the oil the entire length of the box. 
One half of the rollers in a box have a right-hand helix, the other half 
left hand. 

In the form of bushings, two types are made, known as the stand- 
ard type and the high-duty type. In the standard type the rollers 
are of carbon steel with an outer shell or lining of special analysis sheet 
steel. The rollers run in contact with the shaft or journal. Where 
the bearing surface is generous it is satisfactory to operate the rollers 
direct on soft-steel surfaces. 

In the second type the rollers are of nickel steel, 33 per cent. 
nickel, and heat treated. The lining is tubular and a tubular sleeve 
is provided to slip over the shaft or journal. Both of these parts are 
also heat treated. Several devices are used to cage the rollers, which 
are squared on the ends to thrust against the ends of the box. As 
the allowable unit-bearing pressures of the high-duty rollers are higher 
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IGHT SERIES TWoO-DIRECTION CoLLAR Turust Brartncs WITH BALL-SEPARATING CacEs (Fig. 44) 


TABLE 6.—DIMENSIONS OF Hess-BricHT MEDIUM- WI 
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than for the standard rollers the high-duty bearings have the practical 
advantage of being shorter for the same load than the standard 


bearings. 
The shafting bearing is of the standard type with a horizontally 


Fic. 46. 
Fics. 45 and 46.—Conical roller bearings. 


split box so that it can be put on a shaft anywhere and does not have 
to be slipped on over the end. 

The allowable pressures for the standard or commercial type are 
fixed by the quality of the shaft or journal against which the rollers 
bear. For low speeds up to 50 r.p.m. the 
maximum limit lies between 400 to 500 lbs. 
per sq. in. of projected journal area. The 
method of housing, particularly in its rela- 
tion to the distribution of load, and quality 
of lubrication have an influence in deter- 
mining these limits. 

With an increase of speed the allowable 
pressure decreases. For line-shaft bearings 
up to 37¢ ins. dia. running up to 6oor.p.m., 
30 lbs. per sq. in. is considered good prac- 
tice. For larger shafts the same factor is 
allowable up to speeds of 400 r.p.m. 

The high-duty bearings carry much 
greater unit loads. A rating of 750 lbs. 
per sq. in. at 1coo r.p.m. is conservative. 

A limiting maximum speed for the stand- 
ard or commercial bearings is about 1500 
r.p.m.; for the high-duty bearings, 3000 
r.p.m. 

Solid roller journal bearings divide into 
two classes, the first using cylindrical 
rollers, and the second conical rollers. 
Both have their extensive applications. 
In general, the cylindrical roller is long 
and small in diameter compared with 
its length, while the conical roller is 
usually short and with less difference between its length and diam- 
eter. The cylindrical roller is used on machinery in general, while 
the conical roller has had its special extensive application in automo- 
bile practice. 


The formula for the capacity of solid roller journal bearings used 
by the Standard Roller Bearing Co. is as follows: 


dnl 
P=130,000 —— 
35 


in which P=load on bearing, lbs., 
d=diameter of rollers, ins., 
n=number of rollers, 
J=length of each roller, ins., 
s=circumferential speed of each roller, ft. per min. 


Conical roller journal bearings have had their most extensive use in 
automobile practice. Figs. 45 and 46 are trom designs of the Stan- 
dard Roller Bearing Company. Fig. 45 shows two constructions for 
automobile hubs having two single rows of rollers, and Fig. 46 shows 
in section a double taper roller bearing. 

The load-carrying capacity is given by the following formula, from 
the practice of the Standard Roller Bearing Co.: 

d*nl 


P =130,000 


in which P=load on bearing, lbs., 
d=mid-diameter of the rollers, ins., 
n =number of rollers, 
J=contact length of a roller with its bearing washer, ins., 
s=mean circumferential speed of each roller, ft. per min. 


Roller bearings have been used with conspicuous success as thrust 
bearings under enormous loads, a bearing of this type for a speed of 
roo r.p.m. and a load of 2,000,000 Ibs. (subsequently increased to 
2,250,000 Ibs.) by the Standard Roller Bearing Co., being shown in 
Fig. 47 (Amer. Mach., July 14, 1910). 

The rollers are cylindrical and in short sections—a feature which 
reduces the differential sliding to an amount where it does no harm. 
The bearings consist of three elements: 

Treads, consisting of two heat-treated, tempered and accurately 
ground steel washers or plates. 

Roll cage, usually of bronze, complete with rolls of steel, heat- 


Oil Holes 1’ Drill for Cotter Pin 


WAAR 


Fic. 47.—Roller thrust bearing carrying a load of 2,225,000 Ibs. at roo r.p.m. 


treated, tempered and accurately ground; retaining band, ball thrust, 
etc. 

Leveling device, consisting of two washers or plates, one face of 
each being convexed and concaved respectively, thus providing a 
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ball-and-socket base for the bearing and insuring an equal distribu- 
tion of the load, even though all parts adjacent be not in exact 
alignment. 

The general dimensions of the cage are 2 ft. 7 ins. inside diameter 
by 6 ft. 53 ins. outside diameter. Details of construction are given 
in Fig. 47. The bearings shown are inclosed in the casing of the 
machine, all voids around bearings being packed with grease, and 
large compression grease cups provided to supply lubricant as 
consumed. 

The after, or right-hand tread washer, was required to be extra 
thick, to avoid deflection, as it is supported at its outer edge only. 
The forward, or left-hand tread washer, is amply supported over its 
entire face. The plates are made of high-grade, special alloy steel, 
forged into form as washers. They are bored, turned and faced to 
approximate dimensions, allowances being made for grinding. The 
washers are then subjected to heat treatment, are hardened, drawn, 
and then carefully ground to very close limits, the two faces being 
as nearly parallel as human ingenuity and highest-grade grinding 


machinery can produce, each face being in itself perfectly level and 
parallel. 

The thrust cages are of phosphor bronze, carefully machined, 
special care being exercised in the location of the slots which carry the 
rollers. The rollers are manufactured from a high-grade, special 
alloy steel, carefully heat treated, and all rollers are ground true 
cylinders, the error in parallelity for a given roll and diameter of all 
rolls in the bearing being held within .ooo2 in., plus or minus, of the 
nominal diameter. Heavy steel retaining bands are provided which 
encircle the bronze cage and retain the rollers in their respective slots, 
a steel ball being provided at the end of each roll slot to care for the 
end thrust of the rolls in the slot, due to centrifugal force and the 
force generated by reason of the rolls being guided by the cage in a 
circular path, instead of their natural tangential path. 

Large numbers of such bearings are in use, other notable examples 
by the same constructors being at the Niagara Falls power house, 
where they sustain a normal load ot 156,000 lbs. (extreme load 190,000 
Ibs.) at a speed of 250 r.p.m. 


SHAFTS AND KEYS 


For shaft couplings, including the Hooke universal coupling, see 
Index. 
The strength of shafts subject to simple torsion may be determined 
from the formula: 
M =.1963 d3S 
in which M =twisting moment, lb.-ins., 
d=diameter of shaft, ins., 
S = fiber stress at outer fiber, lbs. per sq. in. 
Suitably transformed this becomes: 


Experience shows that for simple torsion and for short counter- 


321000 
shafts a suitable value of eS is 75, giving for this condition: 


ve 3/75 Xh.p., 
r.p-m. 


More exact calculations of cases involving combined bending and 
torsion, when justified by the known data, may be made by the 


formula: 
M. =M,4+WV MM, 4+, 


in which M,=equivalent torsion moment, 
M,,=applied bending moment, 
M,=applied twisting moment. 

- The results given by all the above formulas may be obtained 
graphically by the use of Fig. 1, by Pror. J. H. Barr (Amer. 
Mach, June 11, 1908) which can be used without numerical compu- 
tations for determining the following factors: (1) The diameter of a 
shaft for given moments and intensity of fiber stress. (2) The 
intensity of the stress in a given shaft under known moments. (3) 
The moment in a given shaft corresponding to any intensity of stress. 

As plotted it covers all possible moments and shaft diameters, and 
all intensities of stress up to and including 15,000 lbs. per sq. in. 


Simple Twisting Moment or Equivalent Twisting Moment 
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Fic. 1.—Diameters of shafts under bending and twisting moments. 


which corresponds to a value of 4280 lbs. per sq. in. for S. 

For the combined bending and torsion of line shafts with hangers 
about 8 ft. apart, a rough and ready allowance for the bending action 
is made by making the formula read: 

4= Aer) 100 X ‘Too X hp. P-, 
r-p-m. 

Similarly, for the more concentrated bending action of first movers 

or jack shafts, the formula becomes: 
pe 3 [r25Xh.p. 
r-p-m. 


(2) To find the required diameter of a shaft for a given twisting 
moment and a given intensity of stress: Scale A represents the twist- 
ing moment in pound inches, Each numbered division may repre- 
sent 100, 1000 or 10,000 lb.-ins., as the nature of the problem demands. 
Scale B represents the intensity of the fiber stress, each numbered 


- division representing 1000 lbs. per sq. in. Locate points on the scales 


42 


A and B corresponding with the quantities given in the problem. 


From these points erect perpendiculars to the scales and find their 


point of intersection. If this point falls on one of the diagonals, the 


shaft diameter required will be the smallest quantity given on the 
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diagonal if each numbered division on the A-scale has been taken as 
100 lb.-ins. of twisting moment. If each division has been taken to 
represent tooo lb.-ins. of moment, the shaft diameter will be the 
intermediate number on the diagonal. Similarly, if each division 
has been taken to represent 10,000 Ib-ins. of moment, the shaft diam- 
eter will be the largest quantity given on the diagonal. If the point 
of intersection of the perpendiculars does not fall on a diagonal 
the values for a diagonal through that point can be obtained by 
interpolation. 

(6) To find the intensity of stress for a shaft of given diameter 
and acted upon by a given twisting moment: Find the diagonal 
corresponding to the shaft diameter or interpolate for its position. 
Determine the point on the A-scale representing the twisting moment, 
letting each numbered division represent roo lb.-ins. of moment if 
the smallest quantity on the diagonal represents the diameter given, 
or rooo lb.-ins. if the diameter is represented by the intermediate 
quantity on the diagonal, or 10,000 lb.-ins. if the diameter is repre- 
sented by the largest number on the diagonal. Trace a horizontal 
from this point on the A-scale until it intersects the diagonal repre- 
senting the diameter. From this point of intersection trace a vertical 
until it intersects the B-scale. This last point of intersection will 
represent the intensity of stress required. 

(c) To find the twisting moment which will produce a given inten- 
sity of stres§ in a shaft of a given diameter: Locate on scale B the 
point representing the intensity of stress which is given and drop a 
perpendicular until it intersects the diagonal representing the diam- 
eter of the shaft. If necessary interpolate for the position of this diag- 
onal. From this point of intersection trace a horizontal until it 
intersects the A-scale. The point thus found represents the twisting 
moment required. Each numbered division equals roo lb.-ins. if 
the smallest quantity on the diagonal represents the shaft diameter, 
or rooo lb.-ins. if the intermediate value on the diagonal represents 
the shaft diameter, or 10,000 |b.-ins. if the largest value on the diag- 
onal represents the shaft diameter. 

(d) To find the required diameter of a shaft for a given bending 
moment and a given intensity of fiber stress: Multiply the given 
bending moment by 2 and proceed as under (a). 

(e) To find the intensity of stress in a shaft of given diameter 
acted upon by a given bending moment: Multiply the given bending 
moment by 2 and proceed as under (0). 

(f) To find the bending moment in a shaft of given diameter and 
under a given intensity of stress: Solve as under (c) and divide the 
moment thus found by 2; the quotient will be the bending moment 
required. 

(g) To find the diameter of a shaft required for a given combined 
twisting and bending moment and with a given intensity of fiber 
stress: Lay out the value of the bending moment on scale A as out- 
lined for the twisting moment under (a). Similarly, lay out the twist- 
ing moment on scale C, using the same value for each scale division as 
was used for each division of scale A. Set a pair of dividers as shown 
on the chart to the length between these two points. Add this length, 
to which the dividers have been set, to the length previously plotted 
onthe A-scale. The point thus found will represent the value of the 
combined twisting and bending moment or the equivalent twisting 
moment. Use this point in the same way as the point representing 
the twisting moment was used under (a) and solve for the shaft 
diameter. 

(h) To find the intensity of stress for a shaft of given diameter, 

acted upon by given combined twisting and bending moments: 
Find the equivalent twisting moment as outlined under (g), then solve 
for the intensity of stress as indicated under (0). 

(¢) To find the equivalent twisting moment fora shaft acted upon 
by a combined twisting and bending moment, having given the diam- 
eter of the shaft and the intensity of the fiber stress: Use the method 
outlined under (c) for a simple twisting moment; the result will be 
the equivalent twisting moment. For a given equivalent twisting 
moment there will be an indefinite number of sets of values for the 


simple twisting and bending moments. If either bending or twisting 
moment is known, the solution can be made directly. If the ratio of 
these moments is known, their values can be found by trial with the 
dividers by using the chart. 

The range of the chart can be still further increased by giving larger 
values to each numbered scale division of scale A. If each scale 
division of scale A represents 100,000 lb.-ins. of moment, the corre- 
sponding shaft diameter is 10 times the smallest quantity on the 
corresponding diagonal. If each scale division of scale A represents 
1,000,000 lb.-ins. of moment, the corresponding shaft diameter is 
to times the intermediate quantity on the corresponding diagonal, 
and so on. 


Hollow Shafts 


The diameters of hollow shafts may be obtained from the formula: 
aide 

sai 

in which d =diameter of solid shaft, 


d,=outside diameter of hollow shaft, 
d,=inside diameter of hollow shaft. 


ad} 


the two shatts having the same strength. ; 

The diameters of hollow shafts having given weight relations 
with solid shafts of the same strength may be determined from Fig. 2 
by Henry Hess (Amer. Mach, Sept. 3, 1896). The use of the chart 
is best shown by an example: 

Required, hollow shafts of the same strength as a solid shaft 9 ins. 
diameter. Follow the curve, starting at 9 ins. at the left, to its 
intersection with, say, the ro-in. dia. line; then trace vertically down- 
ward to the internal diameter boundary line, which starts from zero 
of the diameter scale, and find that it is intersected at 72 ins. diameter; 
z.e., a solid shaft of 9 ins. dia. is equivalent in strength to a hollow one 
of ro ins. with a 73-in. hole. Similarly, a 12-in. with 10$-in. hole, 
and a 16-in. shaft with a 153%;-in hole, are found to be equivalents. 

Should it be desired to find the equivalent hollow shaft weighing, 
say, 50 per cent. of the g-in. shaft, then the weight-percentage curve 
at the right, starting from 9 ins., is traced to the 50 per cent. vertical, 
which it is found to intersect at a diameter of ro#+. Tracing the 
intersection of this diameter with the 9-in. curve at the left, down- 
ward to the internal diameter boundary, gives a hole of 82 ins.; 
i.c., a hollow shaft of ro ins. dia., with an 83-in. hole, is the equiva- 
lent in strength of a solid shaft of 9 ins. dia., but has only half its 
weight. 

The results given by the chart, while not always agreeing with 
those given by calculations, are in sufficiently close accord for all 
practical purposes. 

As a matter of fact, the hollow shaft will be stronger than the solid 
shaft, to which it is nominally equivalent, because the centers of 
solid shafts of any considerable size are defective and of little value, 
and it is to get rid of these defects that hollow forging process is 
resorted to. 


The Torsion of Shafts 


The torsion of shafts under a given stress may be determined from 
the formula 
21M 
ear 
in which ? =angle of torsion in circular measure, 
l1=length of shaft, ins., 
M =torsion moment, lb.-ins., 
G=modulus of transverse elasticity, 
= 11,000,000 for machinery steel, 
d=diameter of shaft, ins. 
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Fic. 2.—Solid and hollow shafts of equal strength and their weight relations. 


For a torsion moment, M, of 1000 lb.-ins. and a length, /, of 1 in., 
this becomes, when converted from circular measure to degrees, 
-053 at 5 
6 EE ? 
in which (= angle of torsion, deg. 
The results given by this formula may be obtained graphically 
from Fig. 3 by W. H. Raeburn (Amer. Mach, June 22, 1905), in which 


a has been calculated for diameters from 1 to 5 ins. 


the quantit 


and plotted in the chart, the use of which is best shown by an example: 

Required, the angle of torsion for the shaft shown in connection 
with the chart. The ordinate to the curve at 24 ins. diameter is 
.00207, which, multiplied by 12—the turning moment in thousands 
of lb.-ins.—and by 60—the length of the shaft in ins.—gives 1.49 
deg., the angle through which the shaft will twist. 

The maller chart for shafts between I and 2 ins. diameter is to 
a smaller scale than the one for larger shafts, but the larger chart 
can be used for shafts below 2 ins. diameter, if it be remembered 
that a shaft half the diameter of another will twist through 16 times 
as great as angle, 16 being the fourth power of 2. Thus these charts 
can be used for shafts either smaller or larger than those directly 
given. 


The Critical Speed of Shafting 


The critical speed of shafting has not received adequate experi- 
mental investigation. A comprehensive mathematical treatment 
of the subject has been supplied by S. H. Weaver, supervisor of 
mechanical calculation, the General Electric Co. (Journal A. S. M. 
E., June, 1910) and the reliability of the resulting formulas has been 
established by extended experience. A margin of 15 per cent. be- 
tween the calculated critical speeds and the actual speeds of steam 
turbines has been found to give complete security from vibration in 
hundreds of cases. The following general observations and formulas 
are from Mr. Weaver’s paper: 

All critical-speed calculations assume an unbalanced load. It is 
practically impossible to balance a rotating mass so that its center of 
gravity exactly coincides with the mechanical axis of rotation. As 
the mass starts to rotate, the center of gravity will rotate in a very 
small radius around the shaft center. The rotation of the center of 
gravity at this small radius produces a centrifugal force which acts 
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Fic. 3.—The torsion of machinery steel shafts. 


radially outward from the shaft center through the center of gravity, 
and rotates around the shaft with the center of gravity, causing the 
shaft to rotate in a bowed condition. The bowed shape will in itself 
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TABLE 1.—CRITICAL SPEEDS or SHAFTS 


: Niand New 187.7 Ri Ke (21) 
Single Concentrated N 187.7 oe 
Load. > a (1) = s ee l 
General Formule val ws 548,400 WV oy 
ad? I 
N2=548, a (23) 
: en 2=54 4000 aay 


ON alk I N2=187. NP (24) 


N1=387,00Cg, 


> (2) W 
ae r= eR (31— gar) (25) 
Ni=187.7 (a) 
_ Ward? 
A= 3EIl (3) ie 3E1 eas 
a‘. a ee W, gat Gia UM) al lac 
: Wa Ki=(75 moe (4l2(1 +12) — (2+ a2)? (27) 
bore 
Wisexigsongcodt\V/ a a (4) ir oe | Ke= (4. -)" Chk) — (hart (28) 
Ba I : it 
Nam 187.77 (1) K3= Phas ——— C(hi+ a1) (le + a2) (ap) 
ae Wy Ni and N2=substitute in equation (16) 
a= 48EI (s) 
z ee : gE 
cn heeha Pa a0 
3 = Ko=C(8l2— (Ja)? 31 
Ni=387,0000°V/ (6) Ks=CU-+a)? (32) 
__ Wiasb Ni and N2=substitute in equation (16) 
Ni=187. abs 
1 a is ae (1) 
A= (7) 
3EI M= re 7 (33) 
——s = = (34) 
N1=3,100,850d? v/ = a (8) (35) 
eee 1 (1) te 
FAS | 
5 Wils - 
Ai=~o2EI (9) (37) 
i ‘ ea . ae 12EI 
N Nie (0) cal ter 
1=775,200— Se a 10 1= 2lo + 39 
ce ab Wia(3l-+b) Ka=Cot, | (40) 
M= 187.7 (1) Ks=Sahh(h?—a*) (41) 
_ Wia%b?2 Niand N2=substitute in equation (16) 
A1= Fp sit) (11) LLL als ee ve 
3EIh 6EIl, 
— a ae = Ao= WEE +h) Wiget (112 — a?) (43) 
rE 
M1= ———— 
1 = 2,337,000 ] Wil (12) a 
Ge (44) 
Ni =187. Eyes 113122(L1 sata $6 Litl2” 
Raia ae m Ki=16Ch%hth) (45) 
meee ale K2=Ch3 (46) 
= 768) UBT (13) K3=3Ch2l2 ane (47) 
Niand N2=substitute in equation (16) 
— Wah’ Welabe (48) 
«at! rae 
Wole?(litle il2l,2 
N1=387,000d? V (14) Oe shee 
Ni=187.7 ee (1) _ ’ 
Wils me Distributed Loads. A=Maximum Static Deflection 
; Ai= EI (15) 
= == = = > Ni=2,210,410d?V a (50) 
ti 
Two Concentrated Total Load W Ny=21r. we (51) 
Loads. ChE oar rn. a 
General Formule : Ni=4,705, 100075 (shaft alone) (52) 
— ; oe 
aKi? * N=[1, 4, 9, 16, etc.]N1 (53) 
alae te a (KE ae “VF Ey" TWiW: sue) 5 Wis 
1 We Wi W WiWe = pees 
(Sy, 2 1 2 1 A 384 EI (54) 
aes ope OEl (7) N1=4,973,400d? Vie (55) 
(J— a1 — a2) (31 — 201 — 202) — (a2— a1) *] 
Ki=C , Ul—a2)? (18) Total Load W Mi=ara.7V 2 (56) 
Ka=C 2, Ul—a1)? (19) N= 10,586,7405 (shaft alone) (57) 
2 
Ky CORO) — a1 02(a1— a2) (20) Neate e: 5.45, 9, ete.]N1 (58) 
a102 ” AK=— = (59) 


Ni and N2=substitute in equation (16) 384EI 
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Ni =787,450d? Wan (60) 

_ Total Load W Wine NE (61) 
AY eh tis i 

Ni=1,676,2 1479 (shaft alone) (62) 

(63) 


N=[t1, 6.34, 17.6, 43.6, etc.]N1 
Vas 


— _ 8EI 


Ni =3,453,7150? ee (65) 


. Vi 

M1=212.9V A (66) 

Ni = 7,351,600 (shaft alone) (67) 

N=[t1, 3.24, 6.8, 11.6, etc. JN1 (68) 

Kae (69) 
185EI 


Weights in pounds and dimensions in inches. 
N =critical speed in r.p.m. 

Ni=first critical speed in r.p.m. 

N2=second critical speed in r.p.m. 

A1= static deflection in ins. at W1 if shaft is horizontal. 

A2= static deflection in ins. at W2 if shaft is horizontal. 
d=diameter of shaft in ins.; I=moment of inertia. . 
E=29,000,000; consider vertical.shafts as horizontal. 


increase the circle in which the center of gravity rotates; this increases 
the centrifugal force, and in turn the shaft deflection. This action 
continues until finally a state of equilibrium is reached where the force 
of the shaft deflection is equal and opposite to the centrifugal force of 
the mass. This condition of equilibrium for any speed can be mathe- 
matically calculated from the formulas of centrifugal force and shaft 
deflection. As the angular speed increases from zero the deflection 
increases, until the latter becomes theoretically infinite. 

This is the condition of maximum vibration produced by the shaft, 
and the critical number of revolutions can be definitely calculated. 

Beyond the critical-speed value, the vibration amplitude becomes 
negative, and as the speed is increased, approaches the limit of zero; 
in other words, above the critical speed the center of gravity revolves 
inside the bow of the shaft, or in a smaller circle than the shaft center; 
and the tendency of the rotating mass is to rotate about its own center 
of gravity, and not about the mechanical center. It approaches 
its center of gravity asa limit forinfinite speed. It is also determined 
from the calculations that for a single concentrated load the critical- 
speed phenomena occur when the revolutions synchronize with the 
natural period of vibration of the shaft. No satisfactory explanation 
has been given of the detail action at the critical speed, or of the man- 
ner in which the center of gravity passes from the outside to the 
inside of the bow of the shaft. Theoretically the deflection or bow 
of the shaft becomes infinite at the critical speed. Practically it 
does not, because of the resistance of the air and probably the need of 
the factor of time to accumulate energy. 

In machines where the normal running speed is higher than the 
critical speed, the shaft is made just strong enough to withstand the 
deflection in passing through the critical speed, and as weak or flexible 
as possible for the smooth running above the critical speed. The 
weaker the shaft, the lower the critical speed, the nearer approach to 
rotation about the center of gravity, and the less bow or deflection in 
the shaft. : 

This solution is satisfactory so far as the critical value and deflec- 
tion of the rotating mass is concerned, and it affords a simple explana- 
tion of the actions of arotating body. But in the design of a machine 
the vibrations of the frame or supporting structure are of equal or 
greater importance. The shaft rotating in its bowed condition has a 
reaction on the bearing points, the reaction rotating with the shaft. 
This force is the impressed vibration that causes the frame to vibrate. 
If we determine the shaft deflection during rotation, or the location 
of the shaft axis at any instant, we can find the amount of the force 
of the shaft, or the impressed vibration on the frame. 

These considerations and calculations may be extended to any two 
concentrated loads with either two or three bearing supports. In 


these cases the equation gives two values of critical speed for two 
concentrated loads regardless of the method of support, for either 
two or three bearings. It can be further shown that with a uniformly 
loaded shaft there is an infinite number of critical speeds and that 
the shaft becomes bowed differently for each one. 

All formulas developed for critical speed, for both concentrated and 
distributed loads, apply to vertical shafts as well as horizontal. 
Although some formulas use the static deflection A, this is an equiva- 
lent deflection and can be used for vertical shafts by considering them 
horizontal. . 

As previously pointed out, theoretically the vibrations become infi- 
nite at the critical speed; actually they do not, but the vibrations are 
at 4 maximum point. The vibrations will begin at a certain speed, 
increase as the speed increases, and with still increasing speed will 
after a while die away. The vibrations may be felt over a consider- 
able range, and the exact point of maximum value is difficult to detect. 
It is, therefore, advisable to keep the running speed at least 20 per 
cent. away from the critical value; andif the normal speed is between 
two critical values, careful calculations should be made for the point 
of minimum vibration. 

Under ordinary circumstances the speed should be considerably 
below the critical value, as then the balance need not be particularly 
good. When the speed is considerably above the critical value, the 
vibration is almost proportional-to the unbalance, or distance of the 
center of gravity from the center of the shaft, and the flexibility of 
the shaft; and the balance should be good, to prevent injury to the 
shaft and excessive vibration when passing through the critical speed. 

A machine may be run very close to or at the critical speed, but the 
alignment and play of bearings, all mechanical details and the balance 
will require extra care, so that a troublesome and more expensive 
machine results before it is in good operating condition. The 
machine will run smoothly for a considerable time, until some mechan- 
ical fit or play causes a slight unbalance and immediately sets up 
excessive vibrations. 

The equations for vibration further show that during the critical- 
speed period the vibrations increase theoretically with the time, so 
that in machines running above the critical speed there is less vibra- 
tion at the critical-speed point when it is rapidly passed over. The 
equations also show a transfer of energy; the kinetic energy from the 
unbalance being transformed into the potential energy of the shaft 
deflection, so that a machine with nearly perfect balance may run 
smoothly for considerable time at the critical speed before vibra- 
tions appear. 

With excessive vibration in passing through the critical speed there 
is a considerable tendency to spring the shaft by giving it a permanent 
set. This is most dangerous when the machine is first started, before 
it has a running balance. 

The data required for the solution of critical-speed problems are 
the same as those for shaft deflection at loads. As the shaft is usually 
of variable diameter, and its stiffness is increased by a long hub, an 
ideal shaft of uniform diameter and equal stiffness, or for the same 
deflection, must be assumed. The loads are usually concentrated 
with an ideal point of application. The weights and distances 
between bearings and loads are the same in the ideal as in the actual 
case. Experience has shown that when the largest shaft diameter and 
uniform load cover about one-third of the span, approximately the 
same deflection is given for the load concentrated with a uniform 
shaft of the largest diameter. The weight of the shaft can be divided 
among the concentrated loads. As formulas have not been developed 
for more than two loads, when more than two loads are given they 
must be transformed into two resultant loads that would give the 
same deflection. For this case, two critical speeds will be found, one 
of which is usually far from the working speed. 


Friction of Line Shafting 


The friction of line shafting fitted with plain bearings formed the 
subject of an extended series of observations comprising 188 separate 
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tests by C. A. Graves, Chf. Engr. Edison Electric Hluminating Co. 
of Brooklyn (Amer. Mach, June 5, 1913). 

The shafts were driven by electric motors and the power absorbed 
was obtained trom the current readings. The hangers and loose 
pulleys on the line and counter-shafts were counted; the machines 
were stopped and the power input of the motor was measured, Next 
the belts were removed one at a time and readings were taken after 
each belt was removed until the belt connecting the motor and line 
shaft only remained. Finally, this was removed and the readings 
were taken with the motor running free. In many instances the 
belts were replaced in reverse order in order to check the results. 

The difference between the power conserved with all belts on and 
with the motor running free gives the power absorbed by the bearings, 
subject to a slight correction due to the varying efficiency of the 
motor at various loads. The friction due to the increased load on 
the bearings when the machines are at work was not measured. It is 
believed to amount to about 20 per cent., but, in any case, it should 
be charged to the work done. 

The hangers and loose pulleys were treated in the same manner as 
equivalents, because the tests showed that the average loose pulley, 
either on a line or counter-shaft, absorbed nearly as much, and in 
some cases more, power than a hanger. 

Table 2 gives the results of the tests classified by industries, and 
in Table 3 the same data have been reclassified in accordance with 
diameters of the shafts. 

Mr. Graves also tested the shafts (eight in number) of a factory 
with a complete equipment of Hyatt roller bearings. The results of 
these tests aregivenin Table 4. The average of the table is .0286 h.p. 
per bearing. 


TABLE 2.—FRICTION CONSUMED BY LINE SHAFTING FITTED WITH 
PLAIN BEARINGS. CLASSIFIED BY INDUSTRIES 


No; of | Horse-power per bearing 
installations} Class of industry | 

tested i= Max. Min. Mean 

6 | Stone working....... .245 pias . 191 

7 Wood working....... .318 .O15 Ly 

25 Clothing mig... .....< =| nO27 .O10 5027 

Bo) | Machmeshops..-....) 237 .025 .066 

100 NicrENOEIS es ten rere ors | seat O15 .I19 


TABLE 3.—FRICTION CONSUMED BY LINE SHAFTING FITTED WITH 
PLAIN BEARINGS. CLASSIFIED BY SIZE OF SHAFT 


No. of Size of | Average Horse-power per bearing 
bearings | shafts, ins. | r.p.m. Max. Min. Mean 
66 13] 428 | see .O10 .036 
706 1} 23a, || .070 .o16 033 
3m (| 1} 425 | .119 .040 .06 2 
492 13 392 -193 035 .089 
ms 5 srs peresc.. |. / 52g .029 .c78 
400 2 | 242 . 300 .028 a6 
21 oe 264 aCoL sy |) 

83 oF 243 . 300 085 255 


The diameter 2 ins. is to be understood as including everything 
between 125 and 2¢ ins. and so for the other sizes. 


TABLE 4.—HoRSE-POWER CoNSUMED BY LINE SHaArTinG Fitrep 
with Hyatt RoLLER BEARINGS 


Rettion Of Shatt avec face oo | I 2 3 | Mie) a: ih) 
INutraber of hangers...........- | 22 oe etd 7 7 7 A dents: 
Number of loose pulleys....... ; 40 24 | 20 | 19 5 | 8 2 | 22 
Total number of bearings....... | 62 SEH Ste cOM Lan TS 9 | 30 
H.p. to drive shafting ......... T7716 .858 .724 .804 - 288). 549.281) .938 
md.p. per bearing ....- 2. ees | .027 |.028|.026 . 031) .024).036 .031|.031 
RDI OL SHALG ce cis Fate cs cee | 275 | 300| 300| 200] 275| 200} 240) 180 


| 
ree [rd [748 [rts 


Diameter of shafting, ins....... 2 2 2 


~ 


The power lost in friction of shafting formed the subject of an 
investigation by Pror. C. H. Benjamin (Trans. A. S. M. E., Vol. 
18). Sixteen factories were investigated, the results appearing in 
Table 5. 

Indicator cards were taken from the engine during the day, at 
intervals of about 1 hr., while the factory was in operation. During 
the noon hour, or after working hours at night, cards were taken from 
the same engine, when it was driving the line and countershafts only, 
no machines being in operation. Averages of these two sets of cards 
were assumed to show respectively the total horse-power and the 
friction horse-power. 

The figures in the column headed Horse-power to Drive Shafting 
include the power required to overcome the friction of the engine 
itself and that of all the shafting and counters. If a deduction of 
to be made from the percentages in the last column, they would 
show approximately the power required to drive shafting and counters 
alone. 

The friction of line shafting fitted with plain and ball bearings 
formed the subject of experiments by Dodge and Day, which were 
reported by Henry Hess (Trans. A. S. M. E., Vol. 31). Asa result 
of the experiments, Mr. Hess concludes that: 

When the belts from line shaft to countershaft pull all in one 
direction and nearly horizontally the saving due to the substitution 
of ball bearings for plain bearings on the line shaft may be safely 
taken as 35 per cent. of the bearing friction. 

When ball bearings are used also on the countershafts the savings 
will be correspondingly greater and may amount to 70 per cent. or 
more of the bearing friction. 

These percentages of savings are percentages of the friction work 
lost in the plain bearings; they are not percentages of the total power 
transmitted. The latter percentage will depend upon the ratio of 
the total power transmitted to that absorbed in the line and counter- 
shafts. 

The power consumed in the plain line and countershafts varies, 
as is well known, from ro to 60 per cent. in different industries and 
shops. The substitution of ball bearings for plain bearings on the 
line shaft only will thus result in savings of total power of 35 X.10= 
3-5 per cent. to 35X.60=21 percent. By using ball bearings on the 
countershafts also, the saving of total power will be from 70X.10=7 
per cent. to 70X.6c=42 per cent. 

For additional information on the friction of line shafting see Index. 


Keys and Keyways. 


The common driven key for securing a crank or gear to a shaft is 
commonly made with a width of one-fourth the diameter of the shaft 
up to about a 4-in. shaft, and above that somewhat narrower, say 
13 ins. for a 6-in., 1? ins. for an 8-in., and 2¢ ins. for a ro-in. shaft. 
The depth should be from five-eighths to three-fourths the width. If 
the work is at all severe, the length should be not less than 13 times 
the diameter of the shaft. The taper is commonly ¢ in. per ft. 

This type of key is, however, a poorly designed thing at best; and 
under heavy duty, especially when the stresses alternate in direction, 
such keys are the source of much trouble. They seldom fail by shear- 
ing, but frequently fail from deformation due to the turning-over 
tendency of the forces to which they aresubjected. Calculations of 
dimensions based on the shearing stress are, therefore, largely futile. 
There is no doubt that the success of the Woodruff key (which see 
below) is largely due to its better resistance to the forces which tend 
to turn it over. 

For the ends of shafts the Nordberg Mfg. Co. uses round keys, 
Figs. 4 and 5, which are much better than the customary form. The 
tendency toward deformation is absent; they are in true shear and 
are a driven fit in the direction of the shear, no one of these statements 
being true of the common construction. Moreover, with the taper 
reamer once provided, they are much cheaper than the square key. 
To overcome the tendency of the drill to crowd over into’the cast-iron 
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TaBLe 5.—Power REQUIRED TO DRIVE ENGINE AND LINE AND COUNTERSHAFTS FirreD witH PLAIN BEARINGS 


{nity aa ese . "ie eral 4 | |e a a 
ne n 3 4 ot Tel 
| 2 i : et alee 8 a ee ie 
| = 3 a/2/Sa) ¢)/ 3d] a] & a | 3 3 
| oH ra 3 oS | 3 av] 3 3 5 5 - cA jh . 
| : 2 = 2) ego | Oo) OR Rt oe aye A= 
Nat f work ee BS xD re a oH f= {5 GH HH GH A wa oA uy cS =I 
Nature o b 3) 8 g Wea ale egal gec se REUSE Ge uv a > 
5 g | 6 Sg sue [ee] ey gong!) Be Me See a a ee 25 
2 ees) ; 22h 75) OQ} 2 |ao 2) 2 | 2} 2 i 6 | ‘ : » 8 
Ss a3| & o 8) sibel d!] did Ss |ug]| & ) qo. 
Ss od| oS o ‘4 ay || aan ierean | Reet) eel es S) Parsi ; ; ashals 
7 1a “| QA p4 Ze ey he ee Ue a a Na ei red q Ay Ay 
. ; [ae ee ees [ | 
1 Wire drawing and polishing. ....| 1130 pe as 170 115, 89 4 | 69....|....| 400.0 243.0) 157.0/ 39.2 One-half 
| ’ | | . 
2 Steel stamping and polishing....| 580 3, 33) 200 68: 28] 6 27; 18| 78) 74.0| 17.0, 57.0] 77.0 One-third 
‘ | | | | | | | i 
3 Boiler and machine work........ THEO] Day B 150 46} 53| 5% | 47] 43/ 152] 38.6] 13.3] 25.3] 65.6] Two-thirds 
Tae alle 
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80, 
6 Heavy machine work...........| 1065) i $ J ee aoe II4| 192] 4 1§2| 123| 225) 168.0] 77.0] 91.0) 54.2) Full 
| | 4, 13} : Iol | 
7, Light machine work............| 748 Taptayi) 1357739 217| 3 133| 250| 200] 40.4] 19.7] 20.7] 51.2| Full 
| esas le8ssp150-| tox 
8 Manufacturers’ small tools......| 500 2, 3 114 58] 335] 3 314| 313| 226] 74.3] 34.3] 40.0] 53.8) Full 
o Manufacturers’ small tools......; goo 1, 23 175,136 | 102] 217] 3 202| 258] 100] 47.2] 22.7] -24.5] 51.8) Full 
ro Sewing machines and bicycles...) 2490, 2, 6 150 274| 521| 3 403! 454) 400] 190.0) 82.0) 108.0! 56.9} Full 
: : 60, 16 
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3 60 
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aI eile ees este 
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16] Light machine work.......°S...| 275 2 175 4.3) 4.0} 48.6 One-half 


hub, a small pilot hole a, Fig. 5, is first drilled in the joint, after which 
a second hole 0, as large as the proposed keyway will admit, is drilled 
in the shaft. Standard dimensions are given in Table 6. 

The Kennedy key, Fig. 6, has found large use in the Pittsburg dis- 
trict in the most rugged rolling-mill work, for which it does better 
thanany other. Forsuch work the keys are made approximately one- 
quarter of the shaft diameter, and located in the gear so that diagonals 
through two corners of the keys intersect at the center of the bore. 
The taper of § in. per ft. should be on the top for a driving fit, the 
sides being a neat fit. The shaft is first bored for a press fit, then 
rebored about ¢z of the shaft diameter off the center, the keyways 
being cut in the eccentric side. That portion of the bore opposite 


TABLE 6.—NORDBERG STANDARD RounD Keys 


. Dia. of Cuttin F Dia. of | Cuttin 
sxe: reamer, | length “i ay at length of 
= : alice 
shaft, ins. | 8) Prey shaft. insane: Z eh 
ins. | reamer, ins. || | ins. |reamer, ins. 
276-3 4 eee Milas & 
376-32 3 43 | 14 276 12 
38 4 I 48 15 
48 —42 13 5 16 
5 If 43 17 38 13 Fi 
52 13 45 18 
6 i 63 19 
7 ) 20 | 316 
8 | «i | 6gand8 21 
9) 22 
to) | (2 4i 14¢ 
Tati We Oe rot || 24 
12) | | 
Reamer diameters are at the small end. Taper oe in. per ft., meas- Fic. 6, Fic. ‘7. 


ured on the diameter. Fics. 4 to 7.—Improved forms of keys. 
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-——q—-—a the keys remains as originally bored. This feature is not essential 
| oe | but is of obvious convenience in assembling and disassembling. 

ieee Sa Fort : ‘ 
i// \I or less severe duty this type of key may be made narrower, as in 
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the tendency of common square keys to turn over in their seats. 
It has come into large use, especially in machine-tool construction. 
Tables 7, 8 and 9 give the dimensions. 

The best method of dimensioning drawings of keyways in shafts 
which are to be cut on the milling machine is that shown in Fig. 8. 
By adjusting the cutter until it just marks the shaft and then sinking 
it for depth by reading the index dial, the correct depth is quickly 
obtained. The best method of dimensioning keyways in hubs is 
that shown in Fig. 9, the convenience of which, to the workman, is 
obvious. The figures for these methods of dimensioning are easily 
obtained from Table 10, the reference letters of which correspond 
with those of Fig. ro. 

The weakening effect of keyways on shafts formed the subject of 
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experiments by Dr. H. F. Moore (Bulletin University of Illinois 
Engineering Experiment Station, No. 42). The results of the experi- 
ments are given graphically in Fig. 11. Dr. Moore defines the 
efficiency of a shaft with keyway as the ratio of strength at the 
elastic limit of a shaft with keyway to the strength at the elastic 
limit of a similar shaft without keyway, and it is this efficiency which 
may be obtained from the chart. To use the chart locate a point 
defining the size of the keyway which will, in general, fall between 
two lines representing values of efficiency, and the efficiency of the 
shaft in question may then be estimated with sufficient accuracy. 
The space within the triangle OAB represents the range covered by 
the tests actually performed, and covers the proportions of keyways 
commonly used in practice. 


BELTS AND PULLEYS 


The driving power of leather belts is summed up by Pror. W. 
W. Birp (Journal Worcester Polytechnic Institute, Jan., 1910) as 
follows: 

The h.p. that a belt will transmit depends upon the effective 
tension and the belt speed. The effective tensions depend upon the 
difference in the tensions of the two sides of the belt and on the sur- 
face friction, which depends upon the ratio of the tensions and the 
angle of wrap. 

Experiments and practice have shown that a belt of single thickness 
will stand a stress of 60 lbs. per in. of width and give good results, 
that is, it will only require an occasional taking up and will have a 
fairly long life. The corresponding values for double and triple 
belts are ro5 and 150 lbs. per in. of width provided the pulleys are 
not too small. 

Experiments have shown that on small pulleys the ratio of the 
tensions should not exceed 2, on medium pulleys 2.5, and on large 
pulleys 3. The larger the pulley, the better the contact, the thinner 
the belt, and the better the contact for the same size of pulley. When 


The use of the tables is shown by the following examples: 

How much horse-power will a 4-in. single belt transmit at a speed 
of 4600 ft. per min., passing over a r2-in. pulley? The factor is 920, 
therefore, 

4000 X 4 
oes 


20 h.p. 


How wide should a belt be in order to transmit 50 h.p. at 2000 ft. 
per min. on a 36-in. pulley? 
oxs : ; 
W= soe so 20.7-in. single belt. 
2000 
This gives a width of single belt which is beyond the usual limit, 
8 ins. being considered good practice for the maximum width of a 
single belt. 
50% 520 
2000 


W= =13-in. double belt. 


How wide should a single belt be in order to transmit 2 h.p. at 
600 ft. per min. over a 4-in. pulley with 140 deg. wrap? 


TABLE 1.—-CONSTANTS FOR THE DRIVING PoWER or LEATHER BELTS 


; Under : Over Under | . | Over -| Under : Over 
Diameter of pulley eae 8-36 ins. ete ae 14-60 ins.) ee | cer 21-84 ins. | oth 
Thickness of belt Single Single Single | Double Double Double | Triple Triple | Triple 
ES oe rs I100.0 920.0 830.0 630.0 520.0 470.0 440.0 370.0 330.0 
Difference of tensions......... 30.0 36.0 40.0 | a) iS 63.0 70.0 ERO 09070) wail) GO..0 
Per cent. of creep.......--+-.| 0.74 o.89 0.99 | 0.74 OncOun 0200). | 0.74 0.89 | 0.99 
Ratioval tensions... .. 22.4... . DEO 2.50 2.6 | 2507) | 2.50 380 2.0 2550 3.0 
Tension on tight side......... 60.0 60.0 60.0 | 105.0 To5,0. | fosso | “usose 150.0 150.0 


‘the pulley diameter in ft. is three times the thickness of the belt in 
ins. or in this proportion, we get equivalent results for different thick- 
nesses of belts. This gives a method of classifying pulleys. The 
belt has to adjust itself in passing over a pulley due to its own thick- 
ness. Some adjustment is also necessary on account of the crowning 
of the pulley. These adjustments account for the different ratios for 
the various pulley diameters. The effects of the crown and pulley 
diameters are not usually considered in belt rules, which is a grave 
mistake. The ratios are for 180 deg. wrap and decrease with 
less contact. 

The creep of the belt depends upon its elasticity and the load, and 
experiments have shown that this should not exceed 1 per cent. in 
good practice. In order to keep this creep below 1 per cent., it is 
necessary to limit the difference of tension per in. of width of single 
belt to 4o lbs. The corresponding values for double and triple belts 
are 70 and 100 lbs. per in. of width. These figures are based on an 
average value of 20,000 for the running modulus of elasticity of leather 
belting. 

Table 1 has been prepared on the basis of these limitations and 
gives a value for F in the equation 


VxXw 


h.p.XF 
Fo W= 


V 


h.p.= 


in which h.p. is the horse-power, V the belt velocity in ft. per min., 
and W the width in ins. 

Table 2 gives corrected values for F when the arc of contact or wrap 
is greater or less than 180 deg. On large pulleys the creep may exceed 
1 per cent. if the wrap is over 180 deg.; as the increased friction gives 
a greater difference of tensions. 
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TABLE 2.—CONSTANTS FOR THE DRIVING POWER OF LEATHER BELTS 


220° | 210° | 200° | 190° | 180° | 170° | 160° | r50° | 140° | 130° | 120° 
g80 |10I0 |1040 |1070 irroo |11r40 |1180 |1220 1270 |1330 |1400 
810 | 830 | 860 | 890 | 920 | 950 | Qg0 |1040 |IIOO |1170 |1240 
730 | 750 | 770 | 800 | 830 | 860 | 890 | 930 | 980 |1030 |1100 
560 | 570 | 590 | 610 | 630.| 650 | 670 | 700 | 730 | 760 | 800 
460 | 470 | 840 | 500 | 520 | 540 | 570 | 600 | 630 | 660 | 700 
420 | 430 | 440 | 450 | 470 | 490 | 510 | 530 | 560 | 590 | 630 
390 | 400 | 410 | 420 | 440 | 460 | 480 | 500 | 520 | 540 | 560 
320 | 330 | 349 | 359 | 379 | 399 | 410 | 430 | 450 | 470 | 490 
290 | 300 | 310 | 320 | 330 | 340 | 360 | 380 | 400 | 420 | 440 


In this case take the factor 1100 from Table 1 and in Table 2 find 
a corrected value for 1100 under 140 deg. of 1270. 
2 
W= 2X1270 
600 


=4.23-in. single belt. 


How wide a belt is required for 300 h.p. at 2000 ft. per min. 
over a 1o-ft. pulley? 
Wee Ao 


=70.5-in. double belt. 
2000 


This is too wide. Good practice calls for a change to triple at 48 
ins. unless for some special reason a narrower belt is necessary. 


=40 .5-in. triple belt. 


The belt speed is limited by centrifugal force, but below sooo ft. 
per min. the loss on this account is largely compensated for by the 
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increase of friction due to the decrease in the time element of.the con- 
tact, caused by the increased velocities. 

The results given by these factors are well within working values 
and the belts will probably transmit 50 per cent. more power than 
these factors, but at the expense of the life of the belt. A liberal 
allowance at the beginning means less annoyance, fewer delays in 
taking up the belts, longer life and less cost for renewals and repairs. 

The dimensions of belts in relation to the power transmitted and 
the effective pull may be obtained from Figs. 1 and 2. Fig. 1 con- 
forms to the usage of Wm. Sellers & Co. as deduced from the experi- 
ments made for them by WitrrED Lewis (Trans. A. S. M. E., Vols. 
7.and 20). Fig. 2 conforms to the recommendations of Cart G. 
Bartu (Trans. A. S. M. E., Vol. 31) based on a re-analysis of the 


same experiments combined with a study of the extended observa- 
tions of belts in service by F. W. Tayior (Trans. A. S. M. E., Vol. 
15). Mr. Barth’s recommendations are intended to secure maximum 
economy of belts and of upkeep. He considers the proper working 
loads of belts when proportioned from this viewpoint to be so well 
within the capacity of any good joint that the kind of joint may be 
ignored. 

The author suggests that the Sellers chart be followed for main 
driving belts and that Mr. Barth’s chart be used for machine belts. 

For arcs of contact other than 180 deg., the power transmitted 
and the effective pull, as given by the charts, are to be multiplied by 
the factors of the table below the charts. 

The charts should not be understood as giving, or as intended to 
give, the ultimate capacity of belts. As with every other machine 
member, the question regarding a belt is not how much it can be 
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The arc of contact of a belt on the smaller of two pulleys may be 
found by the following rule and Table 3, by Wa. Cox (Amer. 
Mach., July 20, 1908): 

Divide the difference between the diameters of the two pulleys 
in inches by the distance between their centers, also in inches. Let 
the quotient equal «. Now from the accompanying table find, in line 
with such ascertained values of x, the corresponding angle of the arc 
of contact of the belt on the smaller pulley. 

Example: Two pulleys of 80 and 30 ins. diameter are spaced 120 
ins. apart, center to center; what is the arc of contact on the smaller 
pulley? 


Opposite .46 in the x column we find the arc of contact to be 156 deg. 
TaBLE 3.—ARcs oF Contact oF BELTS ON PULLEYS 


* Angle, , Angle, "3 Angle, 
: | degrees | ; degrees ig degrees 
000 180 -347 160 684 140 
O17 ae | - 304 159 | 700 139 
.035 178 | 382 ite | 717 138 
052 a7, ile ~<399 157 733 137 
070 T76 |) 4x6 156 749 136 
087 TR SS | ees Se | 2 135 
ros =| s74 450 | 154 ||  .781 134 
122 173 467 | 153 | 797 133 
130 | «372 484 |} rg2 | EO rrsaen geen 33 
157 171 501 | ee ||| SSR aa 
.174 170 .518 150 .845 130 
.192 | 169 Sel 140 . 861 1209 
209 168 “si 148 .877 128 
226 167 HOS) I47 | . 892 ity 
-244 166 - 594 146 rl .908 126 
1] 
. 261 165 601 145 | .923 I25 
.278 164 618 144 |i -939 | 124 
296 163 635 143 954 123 
Es 162 2051 I42 .970 122 
330 161 668 I4I .985 La 
-347 160 684 140 I.000 120 


The comparative transmitting capacities of pulleys made of different 
materials formed the subject of tests by Pror. W. M. Sawpon 
(Proc. Nat. Asso. of Cotton Mfrs., 1911). The results of these tests 
reduced to an arc of contact of 180 deg. and 250 lbs. per sq. in. tension 
on the tight side are givenin Table 4. The tests were made at a belt 
speed of 2200 ft. per min. 


Idler Pulleys and Quarter Twist Belts 


The idler pulley may be made the source of great benefit, when properly 
laid out, although commonly looked upon as an unmixed evil. Used 
as a simple tightener, it is not to be recommended, but when so laid 
out to increase the arc of contact it may be made to reduce the 
tensions. 

Fig. 3 (Amer. Mach., May 26, 1910) shows the correct location of 
the idler pulley. Its obvious effect is to increase the arc of contact, 
especially on the smaller pulley where most needed. This, in turn, 
reduces the necessary tension on the slack side, increases the differ- 
ence of tensions, that is, the effective tension, and reduces the tension 
on the tight side for a given effective tension, these reduced tensions 
leading, in turn, to a corresponding decrease of pressure on the bear- 
ings. The idler should be on the slack side of the belt and near 
the smaller pulley. Either pulley may drive. Additional benefit 


TABLE 4.—COMPARATIVE POWER TRANSMITTING CAPACITIES OF 
PULLEYS OF VARIOUS MATERIALS 


Comparative 

transmitting 

Kind of pulley capacity at 

2 per cent. 
a slip 
Casironern saree Cee eee 100.0 
Cast romawitoecorkcs PLO} peO4eI nine ear eee 107.0 
Castiroukwithicoxks projse ous iene eee ee eer 
WOO eR re ei cetted 5 i eine ate ANDO Ee, Sa 105.6 
Wood withi corksiprols 10/7510 eee ee 104.8 
Wicodawithi conics 0 smelt] sain erm ann 104.8 
PAD CL ee teed Manic catia is as SL eee To7es 
Jean alilak Cera: eMac KOON nea sdao un dees cae 122.0 
Paper with corks proj. (about) .org in ........... 1eae2 


may be obtained by mounting the idler on a weighted arm arranged 
to swivel about the center of the smaller pulley, as shown in Fig. 4. 
With this construction the tensions are independent of the elasticity 
of the belt and the objection to short belt transmissions disappears. 
Similarly, the weight of the belt in vertical transmissions no longer 
reduces the tensions on the lower pulley, and such transmissions 
become entirely practicable. Again, the effect of centrifugal force 
in causing the belt to leave the smaller pulley, reducing the arc of 
contact and carrying air between pulley and belt is overcome. 


eS 


Fic. 3. 


Fic. 4. 


Fics. 3 and 4.—Correct arrangement of idler pulleys. 


The layout of quarter twist belts is shown in Fig. 5, the rule being 
that the central plane of each pulley must pass through the point 
of delivery of the other pulley. This construction should be used 
with narrow belts running on pulleys at a good distance apart only. 
Quarter twist belts will drive in one direction only. 

Guide pulleys should be substituted for quarter twist belts whenever 
possible, and Figs. 6-14 show various arrangements of such pulleys. 
The rule is that the intersection of the central planes of consecutive 
pulleys shall be tangent to both pulleys. 

Thus in Fig. 7, in which pulleys A and B are of the same size, and 
either of which may drive in either direction and the shafts are at 
right angles, the intersection of the central planes of B and C’ is 
obviously tangent to both and so for the other pulleys. In Fig. 
8, A is larger than B and the same condition holds, as it does also in 
the increasingly complex arrangements of Figs. 9 and to. 

In Figs. 11 and 12 A or B may drive. In Fig. 11 C or D is loose 
on the shaft, while in Fig. 12 both C and D are loose. The loose 
pulleys should, if possible, be placed on the slack side of the belt. In 
Fig. 13 the guide pulleys revolve, nominally, at the same speed, but 
nevertheless one of them should be loose in order to provide for the 
differential action due to any slight difference in their diameters. 
Fig. 14 shows a power distribution system through a 16-story building 
by means of vertical shafts, a single guide pulley only being used 
for each belt. Similar constructions distribute the power from the 
vertical shafts to line shafts on each floor. 

In all of the constructions shown, except that of Fig. 5, the belt 
will drive in either direction, the arrows being for assistance in tracing 
the motion. 

Holes through floors for quarter-twist vertical belts may be laid out by 


K 


the method shown in Figs. 15-18 by M. H. Batt (Mchy., Sept., 
to12). The basic rule is that the center of the face of one of the 
pulleys at a point level with the center of its shaft must be in the same 
vertical line as the similar point on the other pulley, as indicated in the 
illustrations. The direction in which the pulleys are to turn deter- 
mines which of their sides must be in line, as it is always the sides 


Fics. 6 to 10.—Substitutes for quarter 
twist belts. 


Fic. 5.—Quarter 
twist belt. 


from which the belt leaves the pulleys which should line up. Fig. 15 
shows how the pulleys should be set when the lower pulley turns to the 
left, as indicated by the arrow. Fig. 16 shows the setting when the 
lower pulley is driven in the opposite direction. The rules given 
apply to the aligning of pulleys at other angles as well, an example of 
which is shown in Fig. 17. 
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Fig. 18 shows a method of laying out the floor holes for the drive 
indicated in Fig. 16. First draw an outline (plan view) of the two 
pulleys on the floor in full size, directly below and above the respec- 
tive pulleys to be conriected by the belt. A starting-point for this 


Geos 
Fries. 11 and 12.—Substitutes for quarter twist belts. 


iGo i ie 


layout can readily be found witha plumb bob. Then draw the center 
lines AB and CD through the faces of the pulleys, and divide the 
diameter of each pulley into eight parts, as shown, numbering the 


divisions 1, 2, 3, etc. The numbers of the divisions must start from 


—————— 
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Fics. 13 and 14.—Substitutes for quarter twist belts. 
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the sides of the pulleys which are opposite the arrow points shown in 
the plan view indicating the direction of rotation. Next, measure the 
distances from center to center of the shafts and from the center of 
the upper shaft to the floor. In the example shown the distance 
from center to center of the shafts is 96 ins., and the distance from 
the center of the upper shaft to the floor is 42 ins. As 96+8=12, 
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B Fie, 18. 
Fries. 15 to 18.—Laying out holes in floors for quarter twist belts. 


on the top side of the floor, and as our measurements from the floor 
to the upper shaft determine how many spaces we are to set off, 
start numbering these divisions from the point E, the line EJ being 
parallel to the face of the upper pulley; then set off 3} spaces from 
, thus determining point LZ, and draw line LO through J, making 
JO equal to LJ. This line indicates the position of the center of the 
belt at the floor line and a line of the same length parallel to it through 
K indicates the other center line of the belt at the floor line. 

The layout for an angle of other than 90 deg., as indicated in Fig.- 
17, differs only in that the arc on the pulley outline extends only 
from the line EJ to the line GJ, Fig. 17, this latter line being parallel 
with the face of the lower pulley. Any number of divisions more or 
less than eight may be used if preferred. 

Mule-pulley stands may be laid out by the method shown in Figs. 
19 and 20 by Frep Howe (Woodcraft, June, 1912). 

Before the problem can be laid out as in Fig. 19 the diameters 
of the pulleys and the distances between the shafts must be known. 
Assume that shafts A and C are each horizontally 4 ft. 6 ins. from 
the mule pulleys, which are to be centered at EZ, and that the shafts 
are vertically 18 ins. apart. Draw two horizontal lines, 18 ins. 
apart, through the centers of A and C, and locate these pulleys upon 
their lines as shown. 

Pulley A is represented 4 ft. 6 ins. from pulley C, and the line H 
at the center of pulley A indicates the point where the turn in the 
belt is to be located. 

Having drawn a vertical line H 4 ft. 6 ins. from C, measure off 
another 4 ft. 6 ins. from the last vertical line, and draw a third line 
at B. This line represents the location of shaft AB, were the belt 
stretched out in a straight line, without passing around the mule 
stand #. ‘The inclined lines from pulley C to pulley B show the exact 
path or slope of the belt at every portion of its length from one pulley 
to the other. 

Let it now be assumed that the mule pulleys Z are ro ins. in diam- 
eter. Measure back 5 ins. from the middle vertical line H, and draw 
another vertical E, which will be the center of the mule stand; meas- 
ure from the horizontal lines through C and A to the lines G and F, 
and, scaling the drawing, shows about 2 ins. and 3% ins, or by calcu- 
lation 2% and 33 ins., respectively. 

Tf desired, the belt may be made to run with the mule pulleys level 
with one of the pulleys, either the upper or the lower, or they may 
be located anywhere between the two extremes, but the principle 
involved is the same, no matter where the mule pulleys may be 
located. The method here shown places the mules directly in line 


Fic. 19. 


FIG. 20. 


Fics. 19 and 20.—Laying out mule pulley stands. 


each division on the diameter of the pulleys is equivalent to 12 ins. 
Further, 42+12=3}, which represents the number of spaces that the 
center of the belt will be from the center points of the sides of the upper 
pulley, as indicated at J and K in the engraving. Draw the line 
EJ through the point thus located in the rectangle representing the 
upper pulley. Then strike an arc with J as center and EJ as radius, 
"as indicated, and divide it into eight equal parts. As we are working 


with pulleys C and A, so that the belt makes an even drop from one 
pulley to the other. 

Should it be proposed to locate the mule pulleys at any other point 
between C and A, the sum of the distances between the mules and 
the two pulleys is taken as above, and pulley B, laid down as 
described, no matter where between them line H may come. Should 
line E be moved toward or from shaft C, and the belt length 


e 
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remain the same, there will be no change in the angle at which the 
mule shaft must be placed. And this angle is the same from the 
vertical as the angle of the belt is from the horizontal, viz., one in 
six, or the mule shaft must be suspended 2 ins. to the ft. of its 
length out of plumb. 

Fig. 20 shows the arrangement of the mules as found from Fig. 19. 
The mule pulleys are ro ins. in diameter, and it will be assumed that 
all the pulleys are 6-in. face. Pulleys C and B being equal in diam- 
eter, the mules must be a distance apart equal to the diameter of the 
pulleys C and B, or 12 ins. As the center of the face of each mule 
pulley must be placed with the middle of its face upon vertical line 
H, and as the shafts of the mules pitch 1 in 6, it is evident that the 
centers of the mule shafts will be 2 ins. apart on centers, and scaling 
the drawing, Fig. 20, shows this to be the case. 

The mule pulleys located as shown will run perfectly, keeping the 
belt square upon both driver and driven pulleys. In fact, in any belt 
transmission of similar character it is only necessary to look to two 
points. The first of these is that the upper mule pulley be so arranged 
that it receives the belt fair and square from drive pulley C. In 
fact, the upper mule pulley may be placed at any angle or at any dis- 
tance from C and the belt will track perfectly as long as the face of the 
mule pulley is fair to receive the belt squarely from pulley C. It 
makes no difference at what angle the belt leaves the mule pulley, 
except that this pulley must be so located that the belt leading away 
therefrom shall lead or track directly and fairly toward pulley B. 
That is all that is necessary for the upper mule pulley. 

The lower mule pulley may be so placed that it shall receive the 
lower fold of the belt fair and square from pulley A. Nothing else is 
so necessary as that the mule-pulley is located so that the belt guides 
fair toward the receiving side or face of pulley C.. This means that 
the lower mule shall be moved bodily so as to guide the belt toward C 
and turned at the angle which may be necessary to receive the belt 
from pulley A. It makes no difference at what angle—within limits, 
of course—a belt leaves a pulley so long as the belt guides toward 
that pulley squarely at an angle of 90 deg. and on the center line of 
the face. 

In practice, it is usually necessary to locate a pulley so that it 
delivers the belt square to the next pulley, and then turn the pulley in 
or out, up or down, without moving it from its location, until it will 
receive the belt fairly from the last pulley over which the belt has 
passed. This applies alike to open belts, crossed belts, quarter-turn 
belts and mule belts, as in the present instance. 

Taking advantage of this fact, it is possible to move the mule 
pulleys a little so that both may be placed upona single shaft. Refer- 
ring again to Fig. 20, it will be noted that the mule shafts are parallel 
and only 2 ins. out of line. But it should not be forgotten that the 
shafts are 2 ins. out of line in another direction, for, if the eye be placed 
to the right, so as to look along the direction of shaft AB, then the 
upper mule pulley will be found 2 ins. out of alignment with the lower 
pulley, and to bring both the mule shafts into alignment, the lower 
one must be moved 2 ins. to the left, while the upper one must be 
moved 2 ins. directly from the observer, toward the pulley on shaft 
AB: 

The reason why pulleys can be moved thus, and still allow the belts 
upon them to run properly, is due to the characteristic explained 
above. Take the case of the lower mule pulley: The belt, running in 
the direction of the arrow, leaves pulley B, Fig. 20, guided toward 
the lower mule pulley. Note what would happen were this pulley to 
be moved 2 ins. to the left. The belt as it left pulley B would be 
twisted slightly to the left but would still hit the mule pulley fairly. 
But as it is immaterial how a belt leaves a pulley, no harm is done in 
moving the lower mule pulley 2 ins. to the left. Its angle is not 
changed, therefore it receives the belt properly, and that is all that 
is necessary. 

Next, push the upper mule pulley horizontally backward 2 ins. 
This brings the two mule shafts in line as viewed from the right side, 
and causes the upper fold of the belt to twist a littie as it leaves pulley 


C, but the angle of the upper mule pulley not having been disturbed, 
it still receives the belt fairly from C, and still delivers the belt 
squarely toward pulley B. Therefore, both mule pulleys may be 
placed upon a single shaft by making the slight changes described. 

When the pulleys upon shafts B and C are of unequal diameters, 
it will be necessary to use separate mule shafts and to adjust the 
shaft of each mule pulley square to the line drawn from one pulley to 
the other, asin Fig. 19. Otherwise, there is no change in the method 
of locating the mule pulleys and obtaining the angles of their shafts. 

Should it be found necessary to run the belt at two different angles, 
instead of using the same angle from pulley C to pulley B, lay down 
both angles in Fig. 19, adjust the mule shaft to right and left to be 
square with the line over face of pulleys from C to E in Fig. 19, and 
then adjust the mule stand to and from the beholder, to be perpen- 
dicular to the belt line from £ to B, Fig. 19. The lower mule shaft 
is to be adjusted in like manner, but to agree with the lower belt line 
in Fig. 19. Thus, when the pulleys are of unequal size, and the belts 
leave and reach pulleys C and B at unlike angles, there will be corre- 
spondingly different angles given to the mule shafts, to the right and 
left, and forward or backward. 


Length of Belts 


The calculation of the length of a belt is occasionally necessary 
to meet cases where endless belts are to be carried over pulleys at 
considerable distances apart. Cart G. BArtu (Amer. Mach., Mar. 
12, 1903) gives the following formulas ofincreasing accuracy in the 
order given: 


poe ieee (a) 
(D+d)z 12 
L= Pele ae (b) 
_(D+d)x 60-13% 
bem eae rst (<) 


in which L=length of belt (open) 
D=diameter of larger pulley 
d=diameter of smaller pulley 
C=center distance 


All dimentions are to be taken in the same units—feet or inches 
as preferred. 

Mr. Barth has tested these formulas by applying them to the 
limiting case (beyond what is possible in practice) in which d=o 


D 
and Cae the correct value of L being Dz. Under this test, formula 


(a), which is identical with Rankine’s well-known formula, gives a 
result which is a little over 2 per cent. short, formula (0) a result 
which is about 1 per cent. short, and formula (c) a result which is less 
than four-tenths of 1 per cent. short. 

The length of a crossed belt is given by the exact formula 


Teo /C?=D?+-D (cos. | 


in which the notation is as before with the addition that 
oad 


2 
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Steel Belts 


Steel belts have been used to a considerable extent in Germany 
and with apparent success. The joint construction, shown in Fig. 
21 (Amer. Mach., Dec. 24, 1908), consists of two steel plates, an under 
and an upper, between which the ends of the belts are joined. These 
plates taper from a thickened section at the center to comparatively 
thin edges. The ends of the outer locking pieces are prolonged. It 
was discovered that when these extensions were not provided the 
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belt would break near the inner pieces just after leaving the pulley, 
probably owing to the rapid straightening of the belt after its rapid 
motion over the pulley. In the size illustrated, the upper plate is 
made with a series of holes in order to lighten it. Both of these 
plates are shaped to a circular arc, whose radius is equal to the radius 
of the smallest pulley on which the joint is to be used. Thus, for a 
given joint there is a minimum limiting diameter of pulley on which 
it can run, but no similar maximum limiting diameter; for a given 
joint can be used on pulleys of any diameter larger than the one to 
which the plates are particularly fitted. 

The belt itself is made of a uniform quality of steel of an even 
thickness and is tempered. The ends are carefully brought together, 
fitted and soldered with a special solder that flows at a comparatively 
low temperature to avoid drawing the temper of the belt. This 
joining is then placed between the two plates already described, 
and these plates are fastened together by means of screws, as shown 
in the illustration. 

A number of interesting claims are made for these belts. Three 
of the most striking are: The small amount of slipping of the belt on 
the pulley, given in figures as less than yo of 1 per cent., the narrow 
width of the belt compared with leather belts, the proportion being 
about as 1 to 5, and the great speed at which these belts can be run, 
given aS Ioo m. per sec., or say 19,000 ft. per min. This latter 
figure is striking when compared with the limiting factor, usually 
given for leather belting as 4000 ft. per min. It is very common to 
run these steel belts at a speed of 50 m. per sec., or say, roughly, 
10,000 ft. permin. They have been used for driving belts in machine 


Fic. 21.—German steel belt joint. 


shops and other manufacturing establishments, installations of 250 
h.p. having been made. Table 5 gives some comparative data be- 
tween a rope drive, a leather-belt drive, and steel-belt drive for 100 
h.p., transmitted by pulleys ro m. apart at a speed of 200 r.p.m. and 
adiameterofrm. The metric measurements are not translated into 
English measurements because the table is of comparative interest 
only. 


TABLE 5.—COMPARISON OF Rope, LEATHER-BELT AND STEEL- 
BELT DRIVES 


| Leather-belt |  Steel-belt 
Item Rope drive re oe arta 
Breadth of belt space.... 6 ropes | 500 mm. roo mm. 
45 mm. in diameter 
Breadth of pulley....... 380 mm 500 mm. 110 mm. 
Weight of pulley........ 1000 kg 520 kg. 270 ke. 
Weight of rope or belt... 240 kg 140 kg. 13 kg. 
Total weight of drive.... 1240 kg 660 kg. 283 kg. 
Gostiof pulleys... .5....%. 720 marks 400 marks 250 marks 
Cost of ropes or belts....) 600 marks 1300 marks 750 marks 
PLOtA COS. is ais ore sek = nite | 1340 marks | 1700 marks | 1000 marks 
Power lost in per cent... 13% 6% 5% 
Power lost in horse-power 13 h.p. 6 h.p. det oF 


More recent information regarding several successful German 
installations of steel belts is given by R. K. CRONKHITE (Amer. 
Mach., Nov. 21, 1912), the final conclusions being that: 

Steel belts from half to one-third, and in some cases one-quarter, 
the width of leather belts will do the same work as the leather belt 
without trouble. 


Steel belts do not stretch or slip after being placed on the pulleys, 
and are not affected by variations in temperature to any perceptible 
extent, which makes them very reliable for use in damp places, such 
as laundries. They are especially adapted for use in paint and varnish 
works, as the accumulations of paint and other sticky substances can 
be washed off with gasoline and the belt kept in good condition. 

Being narrower than leather or other types of belting, they require 
pulleys of narrower face, which is an item in the equipment of a new 
plant or the installation of new drives in any factory. 

From the investigations made, it can be said that their first cost is 
considerably below that of leather or rubber belting. 

The experiments have demonstrated that steel belts are more sensi- 
tive than other types and that the shafts and pulleys on which they 
run must be in line and level or the belt will invariably run to the low 
side of the pulley, out of line, and will run off if the pulley is too much 
out of line. The use of canvas on the face of the pulleys is of decided 


Fic. 22.—Improved belt shipper. 


advantage in connection with steel belting, as it forms a bed or cush- 
ion for the belt to run on, and at the same time greatly increases the 
pulling power of the belt. A special rubber covering, suggested by 
experiments, has proved satisfactory. 

In replacing a leather belt with a steel belt where the pulleys are 
crown faced, it is necessary to build the crown up to a flat face, as 
steel belts will not run on crown-faced pulleys. They will, of course, 
run on plain uncovered iron or steel, as well as on wood pulleys, but 
the use of the canvas or rubber covering is so beneficial that it seems 
almost necessary to good service. 


Belt Shippers 


An improved belt shipper, which completely overcomes the common 
nuisance of the belt refusing to remain where put, is shown in Fig. 22. 
The difficulty is due to the weight of the shipper pole, which tends to 
bring the pole to the vertical position, with the belt half on each pul- 
ley. In this position the machine will not stand still if it has no work 
to do, and it will not drive if it has work to do. The arrangement 
shown gets rid of this effect of the gravity of the pole, with the result 
that the belt stays on either tight or loose pulley as desired. 

The sketch represents a shifter made of wood, the improvement 
consisting in having the pole play between pegs ad on the fork bar. 
The fork is shown in position to guide the belt to the loose pulley. 
The pole hangs in a vertical position against peg a. If the belt is to 
be shifted, the pole is pushed to the left as usual, and with the usual 
result, except that after the pole is dropped by the hand, it swings 
back by gravity to the vertical position again. Tae previous moye- 
ment of the fork bar will, however, have moved the pegs to the posi- 
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tions a’b’, so that the pole will then be in contact with peg 0 in its new 
position 6’, ready to push the bar in the opposite direction whenever 
wanted, after which the pole will again return to the vertical position. 
The belt fork always stays where left, and, the pulleys being crowned, 
the belt also stays where put. The same result may be obtained by 
increasing the space between the forks—making this space span both 
pulleys instead of one, as usual. 


Pulleys 


The dimensions of cast-iron pulleys may be obtained from the fol- 
lowing formulas and tables by J. W. SEE (Amer. Mach., July 23,1881). 


B=AX.0625+.5. 
C=A X.04+.3125. 
D=AX 025+.2. 
E=AX.016+.125. 


in which A =diameter of pulley, 
B=width of arms at center of pulley, 
C =width of arms at circumference of pulley, 
D=thickness of arms at center of pulley, 
E=thickness of arms at circumference of pulley. 


All dimensions in inches. Change decimal results to the nearest 
sixteenths. 

Mr. See also supplies Table 6 of pulley dimensions, and the fol- 
lowing instructions: 

The pattern spiders should be of iron, parted, dowelled, the ends 
of the arms turned to size in the lathe, and the shallow recess H 
turned in the hub seat. The rims may be iron or wood, as policy 
suggests. The drawing shows how to shape straight and curved 
arms. The table gives dimension of arms where they would cross 
the rim and cross the center. The hub seat H is of such size as to 
receive quite a range of standard hub patterns, and make a nice, 
smooth job without sharp corners. The ends of the arms may be 
drilled to receive screws put through edge of rim to hold strings to- 
gether, if parted rim pattern is used. Some will prefer a single 
narrow rim to be drawn for any width. Some shops follow the 
vicious plan of casting all pulleys the full width of, say, a 9-in. pattern, 
and then cutting to width in the lathe, using a special or drawing 
pattern for wider rims. 

The Rims.—Columns FG show the thickness at center and edge 
in the rough. The crown will be right for all widths. Pattern 
should be large enough to let casting finish to exact size—a matter 
very often neglected. All pulleys for general work should be 3 in. 
wider than belt. A good pulley trade calls for iron rim patterns of 
sundry widths to change on loose spider. 

The Spider——The table gives size of arms at rim and center cross- 
ing, the diameter of the center web, radius of the fillets, and diameter 
of the hub seat H, which is # in. deep in all cases. The table makes 
the hub seat large enough to receive good-sized hubs, and still look 
right with small ones. 

To Draw Curved Arms.—Draw full size the diameter A; step off 
six points, ab c de f; at each of these points strike circles C, of size 
given in table column C; strike circles at pulley center, sizes from 
columns B and J in table; with c for a center strike arcs h and i, the 
radius being to each side of circle B; midway between these arcs and 
the points 7 and k locate points / and m; with k for center and cl for 
radius strike arc n; with 7 as center and mc as radius strike arc 0; 
with kn for radius sweep inside of arm touching circle B, center being 
somewhere on arc 7; with jo for radius sweep outside of arm, touching 
circle B, center being somewhere on arc 0. 

For Straight Arms.—Draw lines touching circles B and C. Draw 
fillets p, touching edges of arms, and circle 7. With one-half 
of I, minus F for radius, cut off the arms. 
one-half of C. 


Radius of g equals 


The edge view, or section of arms, as in Fig. 2, is made by circles 
E Eand D from table, and side lines touching these circles. Radius 
of y equals Z. Make these fillets nice, and thus avoid all sharp 
internal angles. 

Section of Arm, Fig. 26.—Draw circles r and s, representing width 
and thickness of arm; make ¢ wv equal to v w; with w v for radius and 
a as center, draw sides of arm; put in circle x, touching the sides and 
the circle r. The fillet p should have half circle section and present 
pure blended surface. 

The Hub Pattern, Fig. 27.—The intention is to have the hub patterns 
fit all pulley patterns within reason. Table gives diameter and 
lengths. The flanges should fit easily in the hub seats in the spider 
patterns. Radius of y is 3 in. in all cases. Fillet is quarter circle. 
Hub patterns should be of wood. Core prints should be turned on 
the pattern solid. The prints are one size on all hubs. Make full 
set of straight core boxes 1 ft. long, and have in each two sliding 
ends to give shape of prints. By this means but few core boxes are 
needed, and the hubs and cores will interchange nicely for all common 
work. Taper both prints if desired. 

The above formulas and tables make no distinction between 
pulleys for single and double belts. For double-belt pulleys the 
author suggests the formulas: ( 


C= AXCO5 755 
E =1C, 
F and G 3 more than for single-belt pulleys. 


The only suitable number of arms in a pulley, wheel or gear 
which is to be chucked by the arms is a multiple of 3, as such numbers 
permit strapping at three points without distortion. 

The above formulas and table are suitable for all ordinary cases 
of stock pulleys. For special cases and extra large pulleys, Fig. 
290 by S. E. FREEMAN (Amer. Mach., Dec. 3, 1896), which gives the 
practice of the Todd and Stanley Mill Furnishing Co. may be used. 
As will be seen, it is adapted for use in laying out rope sheaves as 
well as belt pulleys. 

To use the chart, substitute the given dimensions in the proper 
formula; find the value of the quantity under the cube root sign. 
Find this same quantity on the base line and trace upward to the 
various lines where read the required dimensions. Examples will be 
found below the chart. 

For the design of hollow pulley arms from their solid equivalents, 
see Arms of Spur Gears. 

The static strength of belt pulleys formed the subject of experiments 
by Pror. C. H. Benjamin (Amer. Mach., Sept. 22, 1898). The 
general conclusions arrived at are as follows: 

1. That the bending moments on pulley arms are not evenly 
distributed by the rim, but are greatest on the arm near the tight side 
of belt. 

2. That there are bending moments at both ends of the arm, 
that at the hub being much the greater, the ratio depending on the 
relative stiffness of rim and arms. An increase of the width of rim 
will undoubtedly help the arms. 

The rules deduced from the experiments for the rational design 
of cast-iron pulleys are as follows: 

1. Multiply the net pull of belt by a suitable factor of safety and 
by the length of arm ininches. Divide this product by one-half the 
number of arms and use the quotient fora bending moment. Design 
the hub end of arm by the usual rules to resist this moment. 

2. Make the rim ends of arms one-half as strong as the hub ends. 

Parting split pulleys half-way between the arms, Fig. 30, is a source of 
danger at high speed, as has been demonstrated by the experiments of 
ProrEssor BENJAMIN (see Bursting Strength of Fly-wheels). ‘This 
location of the joint is even worse in pulleys than in fly-wheels because 
the thinness of the rim provides less strength to resist the centrifugal 
bending stress. The construction shown is particularly bad because 
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the absence of a joint at the inner ends of the lugs aggravates the 
other bad conditions. Fig. 31, by Proressor Swerer (Amer. 
Mach., Jan. 12, 1905), is a well considered design in which the weak- 
ness due to the parting is practically eliminated. 

Overhanging pulleys should be avoided, but when that is impossible 
the usual construction, Fig. 32, may be greatly improved by adopting 
the plan shown in Fig. 33. 

In Fig. 32 the pulley A is secured by the set screw C to the driving 
shaft B, which runs in the bushing £ carried in the bracket D. The 
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TABLE 6.—DIMENSIONS OF CAST-IRON PULLEYS 
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pulley, and also taper-pinned to the shaft. The collar Ff is the 


-ollar F, which is taper-pinned to the shaft prevents end play. This é 
ae eh sameasin Fig.32. Thus the shaft is subject to torsion alone, or 


design is bad, as the bush E wears bell-mouthed at the pulley end and 


the bending effect on the shaft due to the pull of the belt on the pulley _ practically so. ee: 
increases as the wear on the bush increases. This gives combined The correct arrangement of tight and loose pulleys is shown in Fig. 34, 


bending and torsion on the shaft in transmitting the drive. by PROFESSOR SWEET (Amer. Mach., Jan. 12, 1905), the hub . ie 

In the improved design, Fig. 33, these difficulties are overcome. tight pulley being shortened and that of the loose pulley lengt ene 
The bush is prolonged and the pulley runs upon its periphery. The at both ends to make it central with the pulley face. Fig. 35 sacri- 
drive is transmitted through the collar G, which is secured to the _ fices length of bearing where it is most needed, and Fig. 36 1s cer- 
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Fic. 28.—Crowning for belt Fics. 30 and 31.—Correct and in- Fie. 32. : Fic. 33. 
pulleys. correct parting of split pulleys. Fics. 32 and 33.—Correct and incorrect design of overhung pulleys. 


h = Width of Arm at Center of Hub, Ins, 


Kind of Wheel Formula for /y 


3/-DW 1” 6 = Thickness of Arm at Center of Hub = .4h. 6 
Single Belt Pulleys / Tr ar a h’ = Width of Arm at Rim = .67h, . Ww 
6% 
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Number under the Cube Root Sign 
To find the dimensions of the arms of a 48 in. single belt pulley having 6 arms and for a 12 in. belt: substituting these factors in the quantity under the 


: : : 8 f Nise. 
cube root sign for single belt pulleys gives = 24. Locate 24 on the bare line, trace upward and read h=3}, b=1}, h’=2}, and b’=3, all in ids. 
2 : F fee i ; : £. LX L25e 806) 
Again for a rope sheave 8 ft. diameter having 6 arms and for 8, 13 in. ropes: substitute as before in the proper formula and obtain To =140. 


Locate 140 on the bare line, trace upward and read h= 5}, h’= 38, b= 23; and b’=1} ins. 


Fic. 29.—Dimensions of arms of belt pullers and rope sheaves. 


BELTS AND PULLEYS 


tain to wear bell-mouthed. The chambered construction, Fig. 37 
is appropriate on tight pulleys only. 

A radical cure for the loose pulley nuisance is shown in Fig. 38 by 
E. J. Armstrone (Amer. Mach., Apr. 24, 1900). The reason for 
the trouble with loose pulleys is that the shaft wears smaller and the 
hole larger, resulting in a destruction of the fit. 

In the illustration, the pulley is shown bored out and a bush inserted 
which is kept from revolving by a rod a secured in any convenient 
way. With this construction the wear is confined to one side of the 
bush which continues to fit the curve of the hole. The bush should be 
of cast-iron, with which the wear is almost negligible. 

About 3 in. 0 each x in. of shaft diameter is a good proportion for 
the thickness of the bush, giving proper wearing thickness without 
unduly enlarging the bore of the pulley. Several oil holes should be 
drilled through both top and bottom, and if an oil groove is cut from 
the oil cup cast on the bush, so as to lead the oil inside along the shaft, 
no other means of oiling is ordinarily needed. 

When arranged as usual, loose pulleys are much more effectively 
lubricated with grease than with oil, the former remaining in place 
much better than the latter. For small pulleys the grease cup may 
be tapped into the end of the shaft—a suitable hole lengthwise the 
shaft and another crosswise within the pulley hub carrying the grease 
to the bearing. 

A self-oiling loose pulley is shown in Fig. 39 by H. J. WmrTE 
(Amer. Mach., June 22,1905). The bushing is of hard composi- 
tion and the oil holes are plugged with hard felt or rattan. Mr. 
White says that with $ pt. of oilin the oil space these pulleys will run 
three months without attention. 

The bursting strength of pulleysof various materials and construc- 
tions formed the subject of experimental fests by Pror. C. H. 
BENJAMIN (Journal A. S.M.E., June, 1910) similar to those on fly- 
wheels (see Bursting Strength of Fly-wheels). The results are given 
in Table7. The cast-iron pulleys Nos. rr and 12 were not fractured. 
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TABLE 7.—RESULTS OF BuRSTING TESTS OF BELT PULLEYS 


Rim Bursting 
speed 

aS 

No.} Kind of 6 i 3 
of | material 9 z Weight a 
test in Style . a Depth pounds rp.m.| & 
| pulleys 3 s inches| 8 zt 

a) Q Ay 
1 | wood solid ZA On25 11,021 20.370) 2720 2oqern 
2 | wood solid 24) 0.25 |r. 62 29.37 | 2550 | 266.9 
3 | wood |2 sections] 24 | 6.5 |1.78 29.67 | 2210 | 231.8 
4 | wood |2 sections] 2 Ons aer7o Ag diye |) Piao) || Bexowxs 
5 wood /|2 sections} 24 | 6.5 |1.78 28.81 | 2390 | 251.0 
6 wood /|2 sections} 24 | 6.5 |1.78 28.81 | 2430 | 254.3 
7 wood |2 sections] 24 | 6.5 |1.78 28.81 | 2360 | 247.0 
8 | wood j|2 sections} 24 | 6.5 |1.78 28.84, || 2420) 2337.3 
9 | wood |2 sections} 24 | 6.5 |1.78 28,81 | 2570 | 258.5 
ro | wood |2 sections} 24 | 6.5 |1.78 28.81 | 2535 | 244.4 
Ir (cast-iron solid 24 | 6.0 |o.406 | 70.44 | 3720 | 389.4 
12 |cast-iron solid 24 | 6.0 J|o.406 | 70.44 | 3380 | 353.8 
13 | paper solid 24 \Onon |le7/5 Tia F | 2820 \2On ne 
I4 | paper solid BAN Oommen ten 75 Tea NE 2030 NesOOnT 
ra steel j2 sections] 24 | 6.75 |o.0625| 41.75 | 2240 | 234.5 

| 

16 | steel j2 sections} 24 | 6.75 |o.0625| 41.75 | 2240 | 234.5 


F. P. Reap (Power, Apr. 22, 1913) reports the repeated failure, 
at a rim speed of 5937 ft. per min., of 84 X12 ins. cast-iron split pulleys 
of the usual type with lugs and bolts half-way between the arms. 


Make the end of this rod fast 
to prevent bush from turning 


] Fic. 
37. 


Fics. 34 to 37.—Correct and in- 
correct arrangements of tight and 
loose pulleys. 


Fic. 38.—A cure for the loose pulley nuisance. 


20008 
! 


Fic. 39.—Self-oiling loose pulley. 


FLY-WHEELS 


Radius, Ins, 
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For cast iron. 


To find the rim tension in a cast iron wheel 40 ins. radius running 350 r.p.m.: Find 40 0n the base line and 350 on the vertical scale ; 
multiply the stress by 100, and so for 4 ins. radius read as for 40 (that is, 410) and divide the stress read by 100. 


Stresses in Fly-wheels 


The stress in a ring revolving about an axis passing through its center 
due to centrifugal force is similar to that in a boiler shell due to inter- 
nal pressure and is given, for any material, by the formula: 


(a) 


in which S =stress on section, Ibs. per sq. in. 
w= weight of material, lbs. per cu. in. 
v= velocity of center of gravity of rim, ft. per sec. 
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Fic. 1.—Centrifugal 


For cast-iron having w=.26 this becomes: 


S=.0970? (b) 
For steel having w=.28 it becomes: 
S=.10450? (c) 


For both iron and steel it becomes, with sufficient accuracy for fly- 
wheel calculations: 


(d) 


To find the total stress on the section for the calculation of the 


FLY-WHEELS 


dimensions of link and other joints, multiply the stress per sq. in. by 
the area of the section in sq. ins. 

The rim tension may be obtained without calculation from Fig. 1 
by P. Murier (Amer. Mack., Nov. 28, toor). 
will also serve for wrought iron, which has practically the same 


specific gravity. The use of the charts is shown by an example 


below them. 


The diagram for steel 
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V=443Ve (f) 

Before the experiments of Pror. C. H. Benjamin (summar- 
ized below) were published, the value of unity would have been sub- 
stituted in formula (f) for the efficiency of construction of a wheel 
cast in one piece. Those experiments show this procedure to be 
incorrect, such wheels giving way at velocities materially below those 
to be expected from the tensile strength of the material—the efficiency 
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For steel. 


trace to their intersection and read 1450 Ibs. per sq. in., rim tension. For a wheel of 400 ins. radius read as for 40 (that is, 4°?) and 


tension in fly-wheels. 


The velocity of the rim at which bursting may be expected is given, for 
any material, by the formula: 


Vi=x.04 NE 
= 


in which V = bursting velocity of rim, ft. per sec. 
t= tensile strength of material, lbs. per sq. in. 
w= weight of material, lbs. per cu. in. 
e = efficiency of construction, for values of which see Table r. 
For cast-iron, taking 19,000 lbs. per sq. in. as the tensile strength and 
.26 lb. per cu. in. as the weight, this becomes: 


(¢) 


of the construction being .85. Had deeper rim sections been used 
in the experiments, a larger value would probably have been found. 
The efficiencies to be substituted for other constructions are given in 
Table r. 

For steel, taking 60,000 lbs. per sq. in. as the tensile strength and 
.28 lbs. per cu. in. as the weight, the formula becomes: 


V=757Ve (g) 


No experiments have been made on steel wheels to determine 
their actual efficiencies of construction. 
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The most essential fact disclosed by these formulas is that the stress 
increases with the square of the speed, doubling the speed multiply- 
ing the stress by four and neutralizing a factor of safety of four based 
on the stress. Much greater increases of stress are therefore pos- 
sible with fly-wheels than with steam boilers, and fly-wheels are 
correspondingly more dangerous than boilers. The Fidelity and Casu- 
alty Company, which insures both boilers and fly-wheels, finds the 
hazard on fly-wheels materially to exceed that on boilers. 

These formulas should be used with caution when designing fly-wheels, 
as they are now known to have much less direct application than was 
formerly supposed. The condition of simple tension assumed, 
while true for an ideal revolving ring without arms, is seriously modi- 
fied by the action of the arms of actual wheels in restraining the free 
expansion of the rim. Because of this restraint, each rim section 
between adjacent arms is in the condition of a beam under a uniformly 
distributed load, the load being the centrifugal force of the material 
of the section and the stress due to this beam action is added to the 
simple tension stress, the resulting stress being always greater than 
that given by the above formulas. 


Fic. 2.—Method of failure of fly-wheels with flanged joints. 


The beam action is especially serious in the case of built-up wheels 
with joints located, as usual, half-way between the arms. A joint 
in this position is equivalent to a joint in the middle of a beam and 
not to a simple splice in a tension member. 

The beam action may be reduced by increasing the number of arms. 
Such increase reduces both the weight and length of the segments 
and the fiber stress due to the beam action—not the total fiber stress 
—is, hence, other things being equal, inversely as the square of the 
number of arms. 

Attention was first called to this beam action by J. B. StAaNWwoop 
(Trans. A. S. M. E., Vol. 14) and the truth of his analysis has been 
experimentally proven by PRoFESSOR BENJAMIN (Trans. A. S. M. E., 
Vols. 20 and 23), who tested model fly-wheels to destruction by 
revolving them in a bomb-proof casing at increasing speeds until 
they gave way. Fig. 2, from a photograph of an actual case, shows 
the manner of failure of the common flanged and bolted joint located 
midway between the arms, and demonstrates not only the reality of 
this beam action but its preponderating importance in wheels of this 
construction. 

It is to be especially noted that, in repeated instances, wheels with 
this type of joint gave way through the solid rim and without failure 
of the bolts, as shown in Fig. 2, although the strength of the bolts 
was less than one-third that of the rim section, showing that the 
strength of this joint, as calculated in the usual way from the strength 
of the bolts, has nothing to do with the effective strength of the wheel. 

The results of these experiments have been corroborated by the experi- 
ence of the fly-wheel insurance department of the Fidelity and Casualty 
Company which has had several cases of failure of band fly-wheels 
with joints of the type shown in Fig. 2, in which the joint section 
went bodily out of the wheel and, in two cases, without affecting the 
remainder of the wheel or even bringing it to a stop. 

The beam action becomes an increasing factor as the radial dimen- 
sion of the rim decreases and is at its maximum in thin-rim belt 
pulleys. 

Wheels having joints at the points of contrary flexure, that is, at one- 
fourth the distance from one arm to the next, have been repeatedly 
proposed as better adapted to meet the conditions of the beam action 
than those placed midway between the arms. Such wheels were 
tested by Professor Benjamin and found not to be appreciably 
stronger than those of the midway joint construction. 


Professor Benjamin’s experiments are summarized in Table 1. 
The figures of the table are the averages of the experimental results, 
the number of wheels of each type tested ranging from two to four, 
except in the case of column 5 of which construction but one was 
tested. 

Regarding the wheel in column 3, Professor Benjamin considers 
that “‘if the tie rods had been more carefully designed and constructed, 
a greater speed could have been attained.” 

For similar tests of belt pulleys see Bursting Strength of Belt 
Pulleys. 

W. H. Boehm, superintendent of the boiler and fly-wheel insurance 
departments of the Fidelity and Casualty Company, has calculated 
the very useful Table 2 of safe speeds of cast-iron wheels of various 
types. The table is figured for a margin of safety, based on speed, of 
approximately three or a‘factor of safety, based on the stress, of nine. 
The table assumes the solid wheel to have an efficiency of construction 
of unity, which is not borne out by Professor Benjamin’s tests and 
the table doubtless slightly overestimates the strength of the wheels. 
The Fidelity and Casualty Company accepts for insurance wheels 
having a factor of safety on stress of five, equivalent to a margin of 
safety on speed of 2.24. The company frequently insists on the 
addition of tie rods, Table 1, column 3, to wheels with bolted flange 
joints. 

The fly-wheel cast in one piece is subject to uncertain initial strains 
due to shrinkage, but it is, nevertheless, by far the best of all common 
constructions. This is shown by Professor Benjamin’s experiments 
and is, moreover, shown by common experience in which the failure 
of such wheels is the rarest of accidents. 


Construction of Fly-wheels 


In the design of wheels cast in one piece, the uncertainty of the shrink- 
age strains makes calculations regarding the strength of the arms of 
more than doubtful value. The author’s empirical formulas for the 
arms of such wheels (Amer. Mach., April 23, 1896) have been used 
in the design of wheels from 33 ins. to 8 ft. diameter, and have been 
compared with wheels up to 20 ft. diameter with very satisfactory 
results. ‘The formulas contain a factor for the diameter and another 
for the cross-section of the rim together with the usual constant. 
The author prefers a rectangular section having its greatest dimension 
radial, as it best resists the beam action, but the formulas provide 
for other sections by considering all sections of the same area as equiv- 
alents and taking the side of a square equal in area to the section 
as the base of the factor for the section. 

Referring to Fig. 3 for the notation, the formulas for the arm 
section at the outer end are: 

x=% in. +.04d+.153¢ 

yan 
all dimensions being in inches. The author’s preference regarding 
the dimensions a and 0 is to make b=4a. 

The taper of the arms each side the center line should be from 
% to 3 in. per ft. in the side view and % to 3% in. per ft. in the edge 
view, depending on the size of the hub. The arm section is preferably 
that made by two circular arcs rounded over at the edges, as shown 
in Fig. 2, such section having a much more pleasing appearance 
than the more usual ellipse. The arms are usually six in number, 
but the same formulas may be used for a greater number of arms.: 

For many cases in which a fly-wheel is desired but without definite 
requirements to permit calculations of the section for weight, satis- 
factory wheels will be obtained by making 

c=1 in.+.08d 

A superior fly-wheel by the Mesta Machine Company is shown in 
Fig. 4 (Amer. Mach., July 20, 1911). This wheel, which is of 17 ft. 
diameter, was designed for a rim speed of 10,000 ft. per min. The 
material is air-furnace iron having a tensile strenght of 30,000 Ibs. 
per sq. in. The wheel was divided as shown in order to reduce the 


FLY-WHEELS 


spongy center of large sections, and the rim section is deep to reduce 
the beam action. The arms were cast with the rims but free at the 
hub ends, the hub being a separate casting of steel. Long sweeping 
curves connect the arms with the rim and hub ends. Complete cal- 
culations were made for the stresses at various sections, the extreme 
values being, for the arm section 3000, and for the rim section 2410 
lbs. per sq. in. 

Another superior fly-wheel (patented by G. M. Hinkley) is shown in 
Fig. 5 (Amer. Mach., May17,1900). Itis used by the Allis Chalmers 
Company in their band-saw mills in which the rim speeds are regu- 
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larly 10,000 ft. per min.—a figure that has, in some instances, been 
run up to 12,000 ft. At the date of publication about 300 of these 
wheels had been made, none of which had failed. The aim of the 
construction is to enable the wheel to relieve itself of shrinkage 
strains in cooling. The arms are arranged diagonally and pass from 
one side of the wheel rim to the opposite end of the hub, alternate 
arms being staggered with one another. As first cast, the hub is in 
two pieces, the central portion marked a being vacant. After the 
wheel has become entirely cold, this space is filled by pouring in mol- 
teniron. As poured, the ends of the hub are separated bya core # in. 


TABLE 1.—SUMMARY OF PROFESSOR BENJAMIN'S EXPERIMENTS ON THE STRENGTH OF FLY-WHEELS 


I | 2 


\joint, 6 arms, 


forced joint, 
6 arms 


3 | 
| Solid wheel, | Wheel in Wheel in | 
6 arms halves, flange halves, rein- 


4 5 6 | 7 | 8 
Wheel in Segmental Rim in Solid rim Solid rim 
halves, link | wheel, link halves, with separate with 24 tan- 
joint, 6 arms} joint, 8 seg- pad joint, spider, gent spokes 
ments | 6 arms 6 arms 

ce} a 
( 


© 


Rim speed | a Pe 395 | 194 225 
second, 
Be failure | feet ; per) 23,700 | 11,640 13,500 
minute | 
Apparent rim tension at 15,625 3,764 5,062 
failure., Ibs. per sq. in. | 
by formula (d) | 
Comparative rim speeds Ioo | 49 57 
at failure 
Comparative rim tensions 100 | 24 Bea 
at failure 
Efficiency of construction, .85 19 263 


e in formulas (e) and (7), 
assuming 19,000 lbs. per | | 
sq. in. tensile strength of | 
cast-iron | 


305 256 223 393 424 

18,300 15,360 13,380 23,580 25,440 

9,302 6,502 4,073 15,445 17,978 
| 

al 65 563 | 100 107 

60 Age | 32 | 99 115 

49 34 . 26 84 94 
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Fic. 3.—Arms of fly-wheels cast 
in one piece. 
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TABLE 2.—SAFE SPEEDS OF CAST-IRON FLyY-WHEELS. MARGIN 
or SAFETY ON SPEED APPROXIMATELY THREE. FIGURES FOR 
Pap Joint Do Not SEEM TO BE JUSTIFIED BY PROFESSOR 
BENJAMIN’S EXPERIMENTS 


Type of wheels and maximum obtainable efficiency of rim-joint 


No joint Flange joint Pad joint Link joint 
1.00 
VS 
© 
Ly 
Diam. in | Rev. per | Rev. per | Rev. per 
feet min. | min. | min. 
I IQIO | 9055 | 1350 
2 | 955 478 675 
Sut aa 637 gis. | 450 
4 478 239 | 338 
5 382 Igl 270 
6 318 159 | 225 247 
7 273 136 | 193 212 
8 239 119 | 169 185 
9 212 106 150 164 
10 IQI 96 135 148 
II 174 | 87 123 135 
I2 159 80 113 124 
13 147 73 104 | II4 
14 | 136 68 | 96 | 106 
15 128 64 990 | 99 
16 | 120 60 84 92 
17 | 112 56 | 79 | 87 
18 106 53 75 82 
19 - 100 50 71 | 78 
20 95 48 68 74 
21 gi 46 65 70 
22 87 44 62 67 
23 84 2 59 64 
24 80 40 56 62 
Comes 7 38 54 59 
ee 74 37 2 57 
27 | 71 35 | 59 / 55 
28 68 34 48 53 
29 66 33 i 51 
30 64 32 ASA 49 


If the revolutions given in the table be increased 20 per cent. the 
margin of safety on speed will be reduced to two and one-half; if the 
revolutions be increased 50 per cent. the margin of safety will be 
reduced to two. 


thick, but the shrinkage of the rim compresses the arms and increases 
this space to about 13 ins. After pouring the central portion, the 
ends are fastened together with bolts having the ends riveted over. 

These wheels are made of 8, 9 and ro ft. diameter, the 8-ft. wheels 
having weights ranging between 5000 and 8000 lbs., the 9-ft. wheels 
between 6000 and 10,000 lbs., and the 1o-ft. wheels between 10,000 
and 12,000 lbs. 

Another superior high-speed wheel by E. S. NEwron (Amer. Mach.. 
June 21, 1900) used without failure in band saw mills at speeds of 
10,000 ft. per min., is shown in Fig.6. Wheels of 8 ft. diameter weigh 
about 6000 lbs. They have cast-iron rims and hubs with 16 wrought- 
iron, not steel, arms 1f ins.square. These arms are upset at each end 
and carefully tinned as far as they enter the cast-iron. They are also 
staggered. The rim is poured one day and the hub the next. The 
figure shows a wheel of 5 ft. diameter. 
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Unusually large high-speed wheels have been called for in the con- 
struction of electric power-houses. Fig. 7 shows such a wheel by the 
Allis Chalmers Company, located in one of the power-houses of New 
York City (Amer. Mach., May 24, 1900). 

Except in its hub, the wheel is of steel throughout. The arms are 
hollow. The most striking feature lies in the reinforcing plates 
which are riveted to the sides of the rim casting. There are eight of 
these on each side, and the arrangement of the rivets will be seen to 
be such that the plates break joints with one another in such manner 
that there are fourteen effective plates in the weakest sections. The 
estimated weight of this wheel is 310,000 lbs. 2 

While this wheel has the joints half way between the arms the num- 
ber of arms is such as to greatly reduce the beam action. 


Rim tension at 10,000 ft. per min., rim velocity by formula (d) 
2777 lbs. per sq. in., no failures. 


Fic. 5.—The Allis-Chalmers band saw mill fly-wheel. 
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Rim tension at 10,000 ft. per min., rim velocity by formula (d) 
2777 bs. per sq. in., no failures. 


Fic. 6.—The Newton band saw mill fly-wheel. 


A wheel for a rim speed of 15,000 ft. per min. is shown in Fig. 8 
(Amer. Mach., Jan. 27,1913). The wheel is in use at the mills of the 
Illinois Steel Company at South Chicago and was made by the Wes- 
tinghouse Electric and Manufacturing Company. Its diameter is 
13 ft. 2 ins., its weight 100,000 lbs., and its normal speed 375 r.p.m. 

The assembled wheel shown is made with a cast-steel spider A, 
which has 12 arms made of a double 74 X4-ins. square section, the 
corners being well rounded with a 14-in. radius. The arms have a 
liberal fillet at the hub and flange ends. The hub has a bearing of 26 
ins. on the shaft, which has a double-stepped fit and driving through 
a feather key. The rim is machined with 12 notches B 23 ins. deep, 
27¢@ ins. at the outer periphery, having taper sides of 27 deg. 

The laminated sheets C, which occupy a width of r ft. 9% ins., are 
made from .0281 in. bessemer (not annealed) sheet steel, 12 being used 
for a circumference. Each sheet is made with two dovetails fitting 
into the notches machined in the spider rim. 
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On each outer side of the laminated sheets is an end plate made of 
cast steel. Each end plate is accurately drilled, reamed and fitted 
with ten 1} cold-rolled steel bolts D, the ends of which are fitted with 
hexagon nuts which set into counterbores in the plate. 

The laminated sheets are assembled with overlapping joints and 
when clamped together very little strain comes upon the bolts, as 
the thin sheet construction gives a very high slipping resistance with 
a comparatively light pressure. The bolts pass through the end 
plates and sheets. 

In the center of the group of laminated sheets is inserted a punch- 
ing of the same dimensions as the sheets, but fitted with six notches 
in each sheet, 3 ins. in width and 13 ins. deep. These notches are 
used for barring the engine, a special barring engine being attached 
to the equalizer set. 

Fly-wheel joints having an efficiency of 100 per cent. or more have 
been made by Joun Fritz (Trans. A. S. M. E., 1899) and by H. V. 


72 Holes equally spaced for 
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Frc. 8—The Westinghouse fly-wheel for a rim speed of 15,000 ft. 
per min. 


Haicur (Amer. Mach., Feb. 28, 1907). The two constructions are 
based on the same principle, Mr. Haight’s wheel being shown in Fig. 9. 

The reason why ordinary joints are weaker than the parts which are 
joined is that those parts are cut away to provide room for the joining 
pieces. Mr. Haight’s plan is to cut away the rim section throughout 
its circumference, carrying the section which is imposed by the joining 
pieces all the way around the rim, the result being that the rim is not 
weakened by making provision for the joining pieces. There is, 
in fact, no difficulty in making the joining pieces stronger than the 
rim, and hence this joint may have an efficiency exceeding 100 per 
cent. 

Moreover, the usual form of wheel-rim section involves a spongy 
center, which adds its due quota to the weight of the rim and to the 
strains to be carried by the rim section, while it adds very little to 
the strength of the section. Mr. Haight’s construction involves a 
ribbed form of rim, by which this spongy center is largely eliminated, 
and hence the section of his castings should be stronger than that 


of the usual form; and, inasmuch as the link can then be made of the 
same strength as the casting, the conclusion would seem to be 
inevitable that the wheel as a whole should be stronger than a solid 
wheel having the usual section of rim. 

Dividing the wheel with the joints at the arms neutralizes the beam 
action of the customary construction which Professor Benjamin’s 
experiments have shown to be so injurious. 

The removal of the metal which would ordinarily occupy the chan- 
nels aa and its addition to the other parts of the section, where it 
acts to strengthen the section at the link as well as the remainder of 
the wheel, accomplishes the seemingly impossible. 

The bolt through the arm was placed there to provide for machining 
the rim. It is not needed to reinforce the link. 

In Mr. Fritz’s design the same result is obtained by a cored section, 
Fig. 10, the action of the core being the same as that of the channels 
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Fic. 9.—The Haight 1oo per cent. efficiency fly-wheel joint. 
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Fic. 1o.—The Fritz too per cent. efficiency fly-wheel joint. 


aa, Fig. 9, of Mr. Haight’s construction. The joints are midway 
between the arms but the great number of arms (16) reduces the beam 
action to a probably negligible amount. The arms are hollow and 
join the rim segments by curves which avoid abrupt change of section. 
Four I links of unequal length are used at each joint, the object of the 
inequality being to distribute the stresses due to the links. Many 
of these wheels of 20 to 30 ft. diameter have been applied to the most 
severe rolling-mill duty and they have never failed. 

The design of band fiy-wheels is, as a rule, worse than that of plain 
fly-wheels. The thinness of the rim increases the stress due to the 
beam action and, with joints midway between the arms, such wheels 
are unsafe. i 

In wheels of a size suitable for casting in halves, which includes the 
great majority, double arms should be placed at the joint, as in Fig. 
11 by J. B. Stanwoop (Amer. Mach., Apr. 4, 1907). This is a marked 
improvement over the midway joint, but it may be still further 
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improved by adapting the Haight principle, as suggested by Pro- 
FESSOR BENJAMIN (Amer. Mach., A pril 11, 1907) and shown in Fig. 12. 

The ribs should be deep, both to resist the beam action and to 
bring the links more nearly to the neutral axis of the section. For 
ordinary cases the arms may be proportioned in accordance with the 
author’s formulas for wheels in one piece. 

In segmental wheels the joints should be placed at the arms. 

Such a wheel of 22 ft. diameter, 96 ins. face and for three belts, by 
the Providence Steam Engine Co. (Amer. Mach., Nov. 11, 1895), is 
shown in Fig. 13. The space required for the pad for the arm joint 
makes the application of the Haight principle more difficult in these 
wheels, but the more nearly it is adhered to the better the wheel will 
be. 
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Section B-B 
Fic. r1.—The Stanwood split band fly-wheel. 
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Fic. 12.—The Haight principle applied to split band fly-wheels. 


TABLE 3.—DIMENSIONS OF SHRINK LINKS AND SHRINKAGE ALLOWANCE. PRACTICF OF THE GENERAL ELEectTRIC COMPANY 


Dimensions of standard keyways 


A | ia | A | <i) - 
| 42 12 9, 103, 12 

I | 5; 52) 6 

It 6, 725 

Dimensions Dimensions | Dimensions Dimensions Tenetine! Key arenes 

of keyway _ of key bake dil of keyway of key y is i? 2 ; 
eee 1D: | Pee A TCD es | FL Gan | PO ee eee ae ui Ce 
2 | m| @/ 8 | 4) 35 | te | wel 42 | 82 | 42 | 328) 426 | 88) aye] 32 | 4 | 3-995| 12 | 11.988) 20 | 19.980] 28 | 27.972 
2 Rea i aed ose) See) ae | tel S | 98 | 416| 316 418 | 9 | 43 | 38 | 42 | 4-495) 123) 12.487] 203] 20.470] 283) 28.471 
rk | of| are] x | tee | ok | xh | He) st) of | 448 4 | sie | 8 48 | 348) 5 | 4-995] 33 | 12.987) 21 | 20.979) 29 | 28.075 
eels) gel tr (tes | 22) 18 | aee| 53 | 10) 5 | 4x6] sre | 98) 426) 4 | 52 5-494] 132] 13.486] 213) 21.478) 293) 29.470 
12 | 34] 8 | rf | 138 | 38 | re | tis] 5% | 103] 52 | 48 | 548 | 108) sxe] 4x6] © | 5-994] 14 | 13.986] 22 | 21.978) 30 | 29.970 

| | : 
pr less) xd |r| 13h | 3h | 138 | 18 | 6 | x2 | 5h | 48 | Sté | 108 Sis} 476 62 © 6.403) 143 14.485] 222 22.477, 303, 30.469 
ae | 42) 28 °| 138| ave | 4b | 2x6 | te | OF | 1x8] ste) 42 | On's | 122) 5é | ays] 7 | -993) 15 | 14.985) 23 | 22.977) 31 | 30.969 
2h | 48| 2x5| 138] axe | 43 | 2 | rd | 62 | ard] 528) 5 | Ore | 112/58 | 478} 72 | 7-492] 152| 15.484/ 232) 23.476) 312) 31.468 
DEAS |23| 23 | 24h | 4g | axe | 1t8| 62 | 122] 63 | Ss | Oth | 222) Ore] 448) 8. | 7-092) 20 | 25/084) 24 | 23,070) 42 | suse 
3 | 53] of | o| 238 | 52 | 23k | 28 | 7 | 124) 6§ | Sis O18 | 128) Ore] 58 | 82 | 8-49r| 162) 16.483 243| 24.475) 323| 32.467 

| | | | | | 
Pero gay) 22) 3a | 54 | 248 | 2x6) 72 | 132] 6 | Sie} 77 | 138 O76 5 tee 8.991 ari 16.983 25.) 745075 33 a 

| | t tt i iL + Ss | gaat 2 
33 | 63] 33 | 23 | ars | 68 | 3x5 | 216, 73 | 138 O16 St 776 132, 04 52 92 | 9-490 ae ee se ; 474) 332 See 
32 | 64| az6| 2% | 334 | 62 | 38 | 238] 72 | 148] 7x6) 528] 71% | 4 | Peet | 3 er SST ate | Oe sae ON cece a seal our 
4 | 73) 342] 34 | 328 | 72 | 38 | 2381 8 | 148) 7x5] 68 | 728 | 142) 72 | Ste] Tox | 10.480) 183) 18.481] 262) 26.473) 342 he 
4g | 72| 35 | 3% | 426 | 75 | 348 | 3x6|----|--- | Ir | 10.989] 19 | 18.981| 27 | 26.973] 35 | 34.965 
al ii pil 1 
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The absence of shrinkage strains in segmental wheels makes feas- 
ible the application of the usual formulas for the strength of beams 
to their design. In large wheels the arms should be of I-beam or, 
better still, of oval hollow section. The total load should be taken as 
that due to the full pressure of the steam acting when the crank is 
at a right angle with the center line and a factor of safety of not less 
than ro should be included. 

For the design of hollow fly-wheel arms from their solid equivalents 
see Arms of Spur Gears. 


The Regulating Power of Fly-wheels 


Not much actual use is made of analytical methods in the determi- 
nation of the weight of steam-engine fly-wheels—resort being usually 
made to comparison with existing wheels. As will be seen below, 
the formula for the weight of wheels designed for a given fineness of 
regulation includes two coefficients—one for the steam distribution 
and piston speed and the other for the degree of regulation desired. 
The determination of the former for any given engine is so laborious 
that itisseldom made. Because of this the two coefficients have been 
frequently combined into one. The resulting formulas, while rational 
in form and sufficiently correct for the types of engine and the services 
from which they have been derived, are of limited application and, 
worse yet, their limits are unknown. 

The determination of the coefficient for the steam distribution 
and piston speed by analytical methods compels the resort to sim- 
plifying assumptions which vitiate, if they do not destroy, the value 
of the conclusions. The determination has, however, been made 
graphically with all necessary accuracy and for a wide range of 
conditions by Kart Mayer (Zeitschrift des Vereines Deutscher 
Ingenieure, 1893) and translated by Emit Tuetss (Amer. Mach., Sept. 
7 and 14, 1893). Herr Mayer, with infinite care and patience, 
constructed a series of rotative effort diagrams from which a series 
of values of this coefficient was determined. 

In the operation of a fly-wheel under a varying impulse and a 
constant resistance, the velocity fluctuates between two limits which 
are expressed by the equation: 

mean velocity 
greatest velocity—least velocity 
of steadiness, which is the reciprocal of the coefficient of fluctuation 
used by some writers. 

The value of the coefficient of steadiness having been selected to 
suit the character of the load, the weight of the wheel is then deter- 
mined to suit. Since an early cut-off and low piston speed will 
deliver more irregular impulses than a late cut-off and high piston 
speed, it is obvious that these factors also affect the weight of the 
wheel. 

The formula for the weight of the wheel is as follows: 


= a quantity called the coefficient 


in which W =weight of wheel rim, lbs., 
7= coefficient for steam distribution and piston speed, 
d=coefficient of steadiness, 
1.h.p. =indicated horse-power, 
v=mean velocity of wheel rim, ft. per sec., 
r.p.m.=revolutions per minute. 


Herr Mayer’s determinations of the value of 7 are given in Table 4. 
Two assumptions run through the table: The length of the connect- 
ing rod is uniformly taken as five times the crank and the weight of 
the reciprocating parts is taken at an average value as given by a 
formula. The captions p, .7p and o refer to the compression, 
which, in column , is to the initial pressure; in column .7, to seven- 
tenths of that pressure, while, in column 0, there is no compression. 
Herr Mayer’s values of the permissible coefficient of steadiness, d, 
together with additional values, from Unwin’s Elements of Machine 
Design, are given in Table s. 


With the values of i determined, it is a comparatively simple 
matter for any engine builder to determine the values of d for his 
own wheels and thereafter to design others in a strictly rational 
manner. 

In doing this, and, indeed, in any application of this method, it 
should be noted that the value of i increases as the 7.h.p. decreases— 
that is, as the cut-off is shortened. Values of the 7.4.9. for the points 
of cut-off included in Table 3 should therefore be determined and the 
calculation of the weight of the wheel be made for the maximum value 
of the product of i and i./.p. in order that the regulation may be 
satisfactory under the worst condition. ; 

While useful for purposes of comparison, the sections of Table 4 
for two- and three-cylinder engines have, probably, little real applica- 
tion. Wheels dimensioned in accordance with them would, no doubt, 
be so light as to be structurally too weak for use 

In all that has been said, the weight of the arms and hub has been 
ignored. Their weight is so considerable while their effect is so small 
that, when applying the formula to existing wheels, their weight 
should be subtracted from the gross weight of the wheel. Calcula- 
tions of many large wheels have shown that the weight of arms and 
hub combined make up about 35 per cent. of the weight of the entire 
wheel. Their fly-wheel effect, on the other hand, adds but from 
73 to 10 per cent. to the value of the rim. 


Fly-wheels for Intermittent Work 


The design of fly-wheels for intermittent work, such as punching, 
shearing, etc., is based upon an entirely different procedure. The 
loss of energy being equal to the work done, the weight and velocity 
of the wheel must be such that the loss of energy does not involve an 
undue reduction of speed. The fundamental formulas are: 


W 
a 2g (0-22) (a) 
_28E 
a= 042—V>" (0) 


in which E=loss of energy of wheel=work to be done, ft.-lbs., 
W =weight of wheel, lbs., 
v;=normal or full velocity, ft. per sec., 
v2 =reduced velocity after work is done, ft. per sec., 
g=acceleration of gravity =32.2 
In equation (}) the reduced velocity may be expressed as a fraction 
of the normal velocity, that is, v.=av), giving 


— (c) 

(1-a2)V04? 

For belt-driven machines the limiting low velocity is that at which 
the belt runs off the pulley. According to Witrrep Lewis (Trans. 
A.S. M. E., Vol. 7) the experiments of Wm. Sellers & Co. showed that 
this would take place when the slip exceeded 20 per cent. of the belt 
speed, that is, ain equation (c) should not be less than .8. Intro- 
ducing this value and the numerical value of g gives for the limiting 
condition for belt driving 


W= ee 
V1 


Since in most cases the reduction of speed is momentary only, 
while in the experiments it was continued for some time, the limiting 
condition or one not far from it would seem to be admissible when 
other conditions do not prevent its use. 

Strict accuracy in calculations involving the energy of fly-wheels 
requires that the weight used shall be the weight of the entire wheel 
and that the velocity be that at the center of gyration. The calcu- 
lation of the radius of gyration of such bodies as fly-wheels is laborious 
and is seldom made. The usual method is to make the calculations 
for the weight of the rim only and for the velocity. at the center of 
gravity of the rim section. 
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TABLE 4.—VALUES 


DESIGNERS AND DRAFTSMEN 


OF THE COEFFICIENT 7 FOR STEAM DISTRIBUTION AND PISTON SPEED FOR 


SUBSTITUTION IN FORMULA 


Single Cylinder Non-condensing Engines 


; | Cut-off § | i > | 3 | = e 
Piston Compression to 
speed |——— a —— i 
Pee ee ee ees a a ere ee SS BE ew ee ea 
= 2 ; | eet | 
200 | 272,690) 241,530, 218,580) 242,010 220,280) 209,170| 220,760) 207,230) 201,920| 193,340| 187,670 182,840 
400 240,810) 209,890! 187,430| 208,200 188,880 179,460 188,510] 176,080] 170,040) 174,630] 167,860| 167,860 
600 104,670) 165,450, 145,400| 168,590) 151,440 136,460 165,210 T5077 LTOWTAO,O LO eternal Neteene tol teen 
800 158,200, 132,020) 108,690, 162,070| 148,540] 135,260|....... becaierere cea oe Jeseeeee eee . 
Two Cylinder Engines with Cranks at 90 Deg. 
ites eas 3 Salient | 
AEE Compression to 
speed |- - — | 
[ee Leeda b [L tse p fiona b 0 
P= 5 fo} 
200 71,980 ail 59,420 sh |49,272 | a5 | gH 
| | 37,920 | 2 /) e 
400 70,160 | 3S) | 57,000 | @ i} | 49,150 / ® S| 7% 50,000 |~_ w S| 5 36,950 
| @ *2| } 60,140 | ® 2} + 54,340} romey |35,500 | £0 
600 |70,040 8 eC) |57,480 ES| 49,220 | | | 
my |70,040 DP _60,140 L | 
Single Cylinder Condensing Engines 
- | : Cut-off to | 5 | Ga is 5 
See | Compression to 
speed | - : a i = 
ea ee a a ae aes eee Bl a 0 
200 292,730) 241,770, 180,180} 265,560 226,310) 176,560! 234,160| 206,030] 173,660] 217,980 195,400| 171,000 
400 212,910| 171,070 117,380 194,550) 163,030) 117,870| 174,380| 151,680] 118,350] 166,290 Sal 121,730 
600 | 141,900] 127,530| 124,630] 148,780) 143,710] £40,090). oe = |e ene pees he ee eee |i ne 
Single Cylinder Condensing Engines 
| 3 | i | 4 
ese Compression to o 
speed = 
a ae oes Ee Seo ra eee 
200 | 204,210) 185,250 167,140] 189,600 173,900, 161,830 172,690| 165,930] 156,990 
400 | 164,720] 148,780] 133,080) 174,630| 164,970| I51,680}....... Ifssvqepe ts veer eietertomets 
Three Cylinder Engines With Cranks at 120 Deg. 
Cut-off? | i | i | 3 
Piston - 
Compression to 
speed a 
tee el (lle a WR Ney ele ee ek |) 
200 | 33,810 | 32,240 | 33,810 | 35,500 | 34,540 | 33,450 | 35,260 32,370 
800 | 30,190 | 31,570 | 35,140 | 33,810 36,470 | 32,850 | 33,810 | 32,370 


TABLE 5.—VALUES OF THE COEFFICIENT OF STEADINESS 


Values of d 
For engines operating 
Hammering and crushing machinery............ 5 
Pumping and shearing machinery.............. 20 to 30 
Weaving and paper-making machinery.......... 40 
Hlounnnilling anachinenyaneer wie ree eee 50 
SpInMincemM Ac hinehy ate ee ee eee |S Out TOO 
Ordinary driving engines with belt transmission. .| 35 
Gear-wheelutransnilssion mesa mtn se ees 50 
Unwin’s Elements of Machine design gives | 
For engines operating | 
VA CHINE: COO| Seer Mees ea an 35 
INSAHIE HAAG MINS cet wo peewee r eee du bheace one 40 
Spinningsmachinenyoesre tas mae ora eee eee On LORTOO 
Blectric machinenya~. seer eee | 150 
Blectric machinery direct driven............... 300 


Determinations of fly-wheel effects using the entire weight of the wheel 
and the velocity of the center of gyration, have been much simplified 
by O. S. BEvER (Amer. Mach., Oct. 17, 24, 1912). The simplification 
grows out of the fact that examination of a large number of fly-wheels 
for use on punching and similar presses has shown the quite constant 
relation that the weight of the rimis equal to 68.6 and of the arms and 


hub 31.4 percent. of the weight of the entire wheel. Using these per- 
centages Mr. Beyer has calculated Table 6 fora variety of rim sections 
which embraces almost everything occurring in practice. With the 
aid of Figs. 14-17, this table will answer any question relating to the 
functions of fly-wheels used for intermittent work. 

The use of this table is as follows: To find the velocity in ft. per 
sec. of the center of gyration of a fly-wheel, select from the rim sec- 
tions shown in Table 6 and marked a, b, c, d, e, f and g, the one near- 
est, as to ratio of width to thickness, to that of the wheel, then locate 
in the first column the outer diameter of the wheel and trace over to 
the column headed by the same letter that identifies the selected rim 
section. 

The number found in this column gives the velocity in ft. per sec. 
of the center of gyration of the wheel when running at the rate of © 
rr.p.m., Multiplying this number by the r.p.m. the wheel actually 
makes, gives the required velocity of the center of gyration. 

In the same manner the velocity in ft. per sec. of the outer circum- 
ference is found by tracing over from the outer diameter of the wheel. 
in the first column, to the last column. Thenumber there found is 
the velocity of the outer circumference of the wheel at rr. p. m., and 
multiplied by the actual r.p.m. of the wheel, gives the required 
velocity of the outer circumference. 

For sizes between those given in the table interpolation is necessary. 

The velocity at the center of gyration having been obtained from 
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Table 6, the energy for a wheel of given weight may be obtained 
from Figs. 14 and 15 (also by Mr. Beyer) which are identical, except 
that Fig. 14, for low velocities, is on a larger scale. 

To find the energy of a body of a given weight and moving with a 
given velocity, find on the scale of velocity the point that corresponds 
to the velocity in ft. per sec. at which the body is moving, and trace 
upward to the curve; then, from the point thus located on the curve, 
trace over to the scale of energy; the number identified on that scale, 
if multiplied with the weight of the body in lbs., will produce the 
required energy in ft.-lbs. 

The charts may be used with equal facility in the reverse direction 
to find the velocity at which a fly-wheel of known weight and diameter 
must be run in order to contain a given amount of energy.. To do 


Scale of Energy, Ft. Lbs. 


0 5 10 15 20 25 


Scale of Velocity, Ft. per Sec. 


Fic. 14. 


E=energy, ft. lbs. 

W =weight of body, lbs. 
v=velocity, ft. per sec. 
REA: 


Fics. 14 and 15. 


this. divide the given energy for which the velocity is required by 
the weight of the body; the quotient being the amount of energy con- 
tained in each lb. of the body’s weight. Locate this quotient on the 
scale of energy, in Fig. 14 or Fig. 15, trace over to the energy curve, 
and down to the scale of velocity, where the required velocity in ft. 
per sec. may be read off. Then turn to the velocity table and find 
the velocity number corresponding to the outer diameter and type of 
rim section of the wheel, and divide by this number the velocity in 
ft. per sec. just found. The quotient is the r.p.m. the wheel must 
make in order to contain the given amount of energy. 

A leading question in connection with the design of fly-wheels for 
intermittent work relates to the permissible reduction of velocity 


at each operation. The extreme value for belt-driven fly-wheels is 
20 per cent., at which the belt is liable to run off the pulley. This 
represents an abstraction of 36 per cent. of the energy. According 
to Mr. Beyer, for press work, the extent to which the diminution of 
the velocity of a fly-wheel is practicable depends upon the frequency, 
as compared with the velocity, with which the fly-wheel is drawn 
upon for energy. Thus: If an ordinary fly-wheel press, running at 
90 r.p.m., is tripped at regular intervals, say 15 times per min., the 
velocity may each time be diminished to the extent of ro per cent. or 
even more. But if the press is run continuously, no greater diminu- 
tion than from 5 to 6 per cent. should be reckoned with. 

In the case of a heavily-geared drawing press, having an engine 
directly connected, or running under conditions otherwise favorable 
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Energy of 1 lb. at various velocities. 


to readily restoring the velocity to normal, the fly-wheel may be 
brought almost to a standstill. 

Obviously, other factors enter the problem, but they are as mani- 
fold as the kinds of work that may be done in the same press. 

Problems relating to the reduction of velocity and energy of fly- 
wheels may be solved by the use of Figs. 16 and 17, also by Mr. 
Beyer, which are almost self-explanatory. Thus, in Fig. 16, locate 
the permissible reduction of velocity on the vertical scale, trace 
horizontally to the curve and then down to the horizontal scale, where 
read the fractional part of the energy given out with the given reduce 
tion of velocity. Obviously the chart may be used in the reverse 
direction with equal facility. 
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TABLE 6.—VELOCITIES IN FEET PER SECOND OF CENTER OF GYRA- 
TION AND OF OUTER CIRCUMFERENCE FOR DIFFERENT CROSS- 
SECTIONS OF RIM, AND DIFFERENT DIAMETERS OF FLY-WHEELS 
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Velocity 


| 
Velocity of center of gyration, in ft. per sec. for sections of outer 
= circum- 
Cross- | ference, 
section a b c d e aR g ft. per 
of rim i sec. 
12 0406 |.041I |.0417 |.0423 0428 |.0434 0440 -0524 
18 0609 |.0617 |.0625 |.0634 |.0642 |.0651 | .0660 | .0785 
24 |.0812 |.0822 |.0834 |.0845 |.0857 |.0868 | .0880 | 1047 
+ 130) TOI4 |.1028 |.1042 |.1056 |.1071 |.1085 I100 . 1309 
a 36 eat ail el 233 ee SO! | 1268 |.1285 |.1302 1319 | ental 
3 1420 |.1439 |.1459 |.1479 |.1499 |.1519 1539 | - 1833 
a 48 .1623 |.1644 |. 1667 1690 |.1713 |.1736 1759 | . 2004 
| | 
E 54 1826 |.1850 |.1876 |.1901 1927 |.1953 1979 . 2356 
5S 60 2020) |- 2055 |). 20845 |s2TT3- | 2r4 nr |.2170 2109 2618 
BOG) | 2232 | 2261 |.2202 |.2334 2356 |.2387 | .2419 . 2880 
3) 72 2435 |.2466 |.2501 |.2535 |.2570 |.2604 2639 | -3142 
& 78 2638 |.2672 |.2709 |.2747 2784 |.2821t | .28590 | «3403 
ow 84 2841 |.2877 |.2017 |.2958 |.2998 |.3038 3079 | - 3665 
| } 
8 90 |.3043 |.3083 |.3126 |.3169 |.3212 |.3255 | .3299 3927 
5 96 |.3246 |.3288 |.3334 |.3380 |.3426 |.3473 | .3519 -4189 
102 |.3449 |.3494 |.3543 |.3502 |.3641 |.3690 | .3739 | -4451 
108 |.3652 |.3609 |.3751 |.3803 |.3855 |.3907 | .3958 | -4712 
114 |.3855 |.3905 |.3059 |.4014_|.4069 |.4124 | ..4178 | ~.4974 
__120 -4058 - 4110 |.4168 |.4225 |-4283 | 4341 - 4398 | . 5236 
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Scale of Energy Expanded 


2;=normal velocity, ft. per sec. 
?2=loss of velocity, ft. per sec. 
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£i=normal energy, ft. Ibs. 
E,=loss of energy, ft. lbs. 


Fic. 16.—Relation of energy expended and loss of velocity. 


Similarly Fig. 17 gives the relation between loss of energy and of 
velocity. If, for example, a fly-wheel is to furnish 200 ft.-lbs. of 
energy during each cycle, but the working conditions of the press 
are such as to require the diminution of the velocity to be kept within 
the limit of 7.5 per cent. we turn to Fig. 17. 


: 5 oe tal é 
Locating on the scale of velocity ratio a5 the one given; namely, 
2 


100 : 
—, and tracing over to the curve, and down to the scale of energy 


is 

=. Jon 
ratio E. 5 : 
energy the wheel must have to the energy to be expended at a dimi- 
nution of the velocity not exceeding 7.5 per cent. 

In other words, the energy to be expended is to be multiplied with 
that number, to produce the-total energy, or 200X6.957=1391.4 
ft.lbs. From this total energy, the diameter being generally derived 
from surrounding conditions, the weight, velocity in ft. per sec. and 
the r.p.m. are readily settled with the aid of Figs. 14 and 15, and the 
velocity table. : 

Another problem occurs when the amount of the expended energy 
is limited to a certain ratio to the total energy and this also may be 
solved by the aid of Fig. 17. 

Supposing, the total energy a fly-wheel requires to be 5 times the 
energy it may expend, the resulting velocity ratio is then found by 
Ey 


Ey 


6 Be RY 
the curve, and over to the scale of velocity ratio =i where the number 
3 


the number 6.957 will be found, and is the ratio of the total 


locating the ratio 5 on the scale of energy ratio and tracing up to 


Ico 
10.56 
wheel to the energy to be expended is to be as 5 is to 1, then the 
corresponding velocities must be as roo is to 10.56. 


will be found, which indicates that, if the total energy of the 
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Fic, 17.—Relation of total and expanded energy to loss of velocity. 


CONE PULLEYS AND BACK GEARS 


Graphical Solution 


The geometrical progression of speeds for driving machines by the 
cone pulley and back gear, or other means, is now generally accepted 
as correct. By this is meant that each speed should equal the one 
next below it, multiplied by a constant ratio. According to Cart G. 
Barta (Amer. Mach., Jan. 11, t912), the ideal value for this constant 
ratio in machine-tool practice is the fourth root of two or 1.180. 
The smallest ratio which Mr. Barth has found in the best speeded 
lathes of to-day is somewhat greater than this, being about 1.25. 
The ratios found in machine tools having the usual pattern of wide 
range cone pulley, range between 1.5 and 1.75, while ratios as high 
as 2 are occasionally found. Such ratios are too large to permit 
the selection of economical speeds for the work. 


Find the resulting ratio in the base line as at a. Trace upward to 
the curve for the desired number of speeds as at 6. Trace to the left 
and read the required ratio of successive speeds as at c. 

To find the desired speeds construct a diagram as in Fig. 2, by 
PROFESSOR SWEET (Amer. Mach., Oct. 13, 1898). Lay off ab to any 
scale and call it unity. Lay off ac to the same scale and equal to the 
ratio found in Fig. r.. The most convenient method of doing this is 
to take de and fc, Fig. 1, for ab and bc, Fig. 2, respectively. Draw 
the verticals through b and c, Fig. 2, and lay off bd to any scale to 
represent the lowest number of revolutions. Draw ad and extend 
it to e, through which draw the horizontal ef, when bf will represent 
the second speed to the same scale that bd represents the first speed. 
Proceed in this way as indicated in the diagram, finding points 
g, h, i, etc., for the various speeds. Should the diagram extend 
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Fic. 1.—The geometrical speed ratio of cone pulleys. 


For feeds of machine tools the geometrical progression is also in 
general, though not universal, use. About the only type of machine 
for which this arrangement of feeds is still a matter of controversy 
is the drilling machine. 

The data given or assumed are usually the highest and lowest 
revolutions per minute of the machine spindle, the number of speeds 
and the diameter of the largest pulley, this last being determined by 
the available room. The assumed number of speeds should be re- 
garded as a trial number only and subject to correction, should the 
ratio, due to that number, be found too high or too low. 

There are three steps in the process: (1) finding the ratio; (2) 
finding the speeds; (3) finding the diameters. 

To find the constant ratios consult the chart, Fig. 1, by PROF. 
H. F. Moore (Amer. Mach., May 21, 1912) and proceed as follows: 
Divide the largest by the smallest r.p.m. of the machine spindle. 


7: 


beyond the limits of the paper, lay down the last value found on the 
paper to a reduced scale, and proceed as before. 

When finding the diameters of the steps three cases exist. 

Case I. Crossed belts. 

Case II. Open belts with pulleys at sufficient distance apart to 
make it unnecessary to compensate the tendency of the changing 
belt angle to alter the length of the belt. Machine tools driven from 
overhead countershafts are illustrations of this case. 

Case III. Open belts with pulleys so near together that the 
tendency of the changing belt angle to alter the length of the belt 
must be compensated. Foot-lathe drives and many speed cones 
are examples of this case. 

Since in Case I the belt length is constant, while in Case II it is so 
nearly constant that it may be regarded as such, the two cases may 
be treated as one. The distinguishing feature of these cases is that 


2) 
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the sum of the diameters of mating steps is constant, while in Case 
III this sum is not constant. 

To find the diameters of the steps for cases I and II, the cones being 
alike, as is usual, and having an odd number of steps, proceed as in 
Fig. 3: Draw a horizontal through a and from a lay down the speeds 
to the same scale as in Fig. 2 or to any convenient scale, giving ab, 
ac,ad, etc. Draw a vertical a@0 and make a0 equal to the middle 
speed, ad. Draw bO, cO, dO, etc.; lay down R equal to the radius of 
the largest step and draw gh. Through h, the intersection of the 
highest speed line Of with gh, draw hi at an angle of 45 deg. Now 
Riri, Rors, Ros, etc., are the radii of mating steps. 

The speed of the countershaft is ad. 

If the cones have an even number of steps there is no middle speed, 
point d is initially unknown and O cannot be located at the start. 


Driven 


Fic. 5.—Finding the diameters for Cases I and II. Unequal cones 
having either an odd or an even number of steps. 


In the case of unequal cones, two mating steps are naturally known 
and are used to locate O as in Fig. 5: Makejk equal to the radius of 
the largest driven step and 07 equal to the radius of the smallest 
driving step (or, if those dimensions are given, make fl equal to the 
radius of the largest driving, and Jm equal to the radius of the smallest 
driven, step). Draw and extend bk (or draw and extend fm) given 
O. Locate i by laying down the largest driven step rs (or locate h 
by laying down the largest driving step Ri), draw hi at an angle of 45 
deg. and proceed as before. 

The speed of the countershaft an is found by drawing On at right 
angles with ih. If the cones are very unlike On may fall without the 
field of the other constructions. 

The ratio of the back gear in all cases is the ratio of the highest (or 
lowest) direct to the highest (or lowest) back-gear speed. 


a b (6) d é if 


Fic. 3.—Finding the Diameters for Cases I and II. Equal cones 


having an odd number of steps. 


Fic. 4.—Finding the diameters for Cases I and II. 
having an even number of steps. 


Equal cones 


Fics. 2 to 5.—Graphical method of laying out cone pulleys. 


Proceed as in Fig. 4: Lay down the speeds as before and locate O’ 
at any convenient point on a0’. Draw O’b and O’f; lay down Ri, 
find h’ and draw h’i’ at 45 deg. as before. The coordinates of h’2’ 
will give mating cones, but not equal cones. Find the center of 
hi’ and through it draw O’d, thus locating d. Now make aO=ad 
and find the mating steps as before. The speed of the countershaft 
is again ad. 

This construction is approximate only, its accuracy increasing as OO’ 
becomes more nearly equal to zero. To obtain a second and very 
close approximation, repeat the construction by drawing a line 
through O and the center of fi, thus finding a new point d, from which 
lay out a new point O as before. 


To jind the diameters for Case III proceed as follows, by PRoressor 
Moore (Amer. Mach., Feb. 26, 1903): First draw Fig. 6 in which R 
and r represent two of the mating radii. Draw the tangent ab and 
extend it by the distances ac, bd equal to the length of the arcs ae, bf. 

To do this use Rankine’s approximate method (Machinery and 
Millwork) thus: Bisect the arc bf at g (because Rankine’s method 
should not be used for arcs greater than go deg.). Draw the chord 
bg 
Si 
gi giving bi=arc bg. Repeat bi giving bd=arc df. Similarly, find 
c giving ac= arc ae when cd obviously equals one-half the length of 
the belt. 


bg and extend it, making bh= From / as a center strike the arc 
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Lay off dj equal to 3.1416 to any scale and dk equal to unity to the 
same scale, dk making any angle with cd. Lay off cl =O0O’ and draw 
gk and Im parallel to it giving dm, which is the radius of the middle 
step if the cones have an odd number of steps, or of a hypothetical 
middle step, which is not actually used in case the pulleys are to have 
an even number of steps. 

In Fig. 7 lay down this radius Rm, as shown (Figs. 6 and 7 are drawn 
to different scales), thus finding the point e. Lay down also the radit 
of the steps R, r given at the beginning. Through points aeb draw 
the arc of a circle, and proceed as in Fig. 3, Rn and rn being mating 
radii for speed cn. As in Fig. 3 the line cf gives the speed of the 
countershaft. 


Fic. 6.—Finding the middle step for Case ITI. 
Fics. 6 and 7.—Graphical method of laying out cone pulleys. 


The arc ad gives the required compensation for the angle of the 
belt and provides that a belt length which is correct for one pair of 
steps will be correct for all others. The circle is not mathematically 
correct but is a remarkably close approximation. 

If the drive is too large to be laid down on the drawing board to a 
reasonable scale, the length of the belt may be obtained by calculating 
ab=On, Fig. 6 (OO’ and O’n of the right-angled triangle OO’n being 
known) and also calculating the quadrants pf and ge, leaving the 
arcs bp, ag to be calculated or stepped off. These are such a small part 
of the whole that no material error will result from stepping them off 
on a small scale drawing. 


The High-power Cone Pulley 


The power transmitted by cone pulleys may be greatly increased by 
increasing the diameter of the small step, but without increasing 
the over-all dimensions, as explained in a paper read before the 
Cincinnati Metal Trades Association in 1893 by H. M. Norris. 

Fig. 8 shows the standard and Fig. 9 the Norris design. The com- 
parative powers transmitted by the two constructions may be best 
shown by actual figures. Calling the highest belt speed in Fig. 8— 
that obtained with the belt on the 4-in. step—troo, the slowest—that 
on the 12-in. step—will be 

100 X qs = 335 
To maintain the samer.p.m., the highest belt speed in Fig. 9 must be 


athe 
‘ r00X = = 288+ 
and the lowest will be 
igs 
13 

The smallest step of Fig. 8 is too small for a double belt, while the 
opposite is true for Fig. 9. To obtain the ratio of power capacities 
we must multiply the belt-speed ratio by a suitable ratio for this, 


288 X =255+ 


say = and also by the ratio of the belt widths, < Doing this we 
“2 
obtain: 
Power capacity Fig. 9 small step 288 ey de ae 
Power capacity Fig. 8 small step 100°. 7°*27 ~ 
Power capacity Fig. 9 large step _ 255 Jey, 45 ee 


Power capacity Fig. 8 large step 333° 7 24 


That is, the capacity of Fig. 9 on the small step is 64 and on the 
large step, where the gain is most needed, 17} times that of Fig. 8. 

In the cases shown there is a slight increase in the diameter of the 
large step but, without this increase, the gain would be nearly as 
large. So large an increase as the one shown is, of course, seldom 
needed. Many cone-pulley drives are, however, weak in capacity 
at the slow speeds and Mr. Norris’s plan points out the remedy. 

The cone pulley shown in Fig. 9 gives a smaller total range of 
speeds than the one shown in Fig. 8, and, if the range of Fig. 8 is 
required, additional back gears are necessary. If double gears be 


used a five-step cone will give 15 speeds against ro in Fig. 8, while a 
three-step cone will give 9. 


Fifteen are unnecessary and 9g are, in 


Fic. 7.—Finding the diameters for Case III. 


most cases, enough. It is this reduction in the number of steps that 
gives the increase in belt width. The additional back gear will, 
however, increase the over-all length of the headstock slightly if 
the entire gain is to be realized. 

The tendency of the belt to climb the side of the pulley against which 
it runs may be prevented by recessing the sides of the steps as shown 
in Fig. 10. The recess should be of ample depth to prevent the belt 
reaching its bottom. 


” 


emi cae 


4 Belt 


Fic. 8.—Conventional 
of cone pulley. 


Fic. 9.—Norris design of 
cone pulley. 


design 


Slide-Rule Solution 


The slide rule may be used for solving cone-pulley problems in cases 
which do not involve belt angles so large as to require compensation 
for belt length. The following explanation of this application of the 
instrument is by Ropert A. Bruce (Amer. Mach., Aug. 18, 1904). 


Frc. 10.—-Preventing the climbing tendency of belts. 
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The method is best explained by taking an actual case: Fastest 
speed 280; slowest speed 20; number of speeds 12. 

Lay off a straight line such that the length AB, Fig. rr, is equal 
to the distance between the points 20 and 280 on the B-scale of the 
slide rule and divide it into eleven equal parts—i.e., one less than the 
total number of speeds.’ To do this draw BC of indefinite length 
and.at any convenient angle. Space off eleven equal spaces of any 
convenient length. Join the last point D with A and, by a series 
of parallels through the remaining points, find the required divisions. 
The extreme and intermediate dividing marks will then form twelve 
graduations at equal intervals, and on applying the scale so that 20 
comes opposite the first and 280 opposite the last, as in Fig. 11, the 
numbers found opposite the remaining ten divisions will be the 
intermediate speeds required. ‘The accuracy thus attained is suff- 
ciently close for the purpose in view. A record of the speeds thus 
obtained may be made by writing opposite each graduation of the 
divided line the corresponding scale reading of the slide rule. 

The percentage rise or drop in changing from any speed to the one 
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ing the scales so that roo of the slide-rule scale is opposite one grad- 
uation of the paper scale, it will be seen that the next graduation on 
the right falls opposite 127 on the scale, while the nearest graduation 
on the left lies against 78.5. The interpretation of these figures is 
that the percentage drop of speed is 100—78.5, or 213 per cent., 
and the percentage rise of speed is 127 —100, or 27 per cent. 

To obtain the ideal speeds so found the scheme to be adopted must 
be settled by the peculiar circumstances of the case, rather than by 
hard and fast rules. We will therefore assume two different cases: 

Let us first of all assume a single-speed countershaft and a cone 
with six steps and back gearing, the six quickest speeds being deliv- 
ered direct by coupling the cone to the spindle, and the slower speeds 
being secured by the use of back gearing. Let us also suppose that 
by the conditions of the problem the diameter of the largest cone step 
is fixed at 20 ins. The speed of the countershaft is equal (whether 
the number of cone steps is odd or even) to the geometric mean of 
the fastest and slowest driven cone speeds. If we therefore bisect that 
portion of AB lying between 7 and B, that is, the lowest and highest 


above or below may be at once obtained by inspection. For, apply- direct-cone speeds, we obtain a line marked ‘‘Countershaft speed 
C. 
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Fics, 11 to 15.—Slide rule method of laying out cone pulleys and back gears. 
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for six-step cone drive,’ which at once gives the scale reading 153 
for the countershaft speed. 

The ratio of back gear is found by shifting the slide so that the 
point A comes opposite the point 1 on the scale, as in Fig. 12, when 
we shall have 4.25 as the scale reading opposite 7, this giving the 
ratio of the back gear, because 1 represents the lowest back-gear 
speed and 7 the lowest direct-cone speed which, obviously, is the 
back-gear ratio. 

The sizes of the cones now require fixing, and if lines C, D, E, mid- 
way between the main divisions 1 and 2, 2 and 3, 3 and 4, Fig. 12, 
are drawn with the slide in the position shown, we get scale readings 
of the ratios of the cones. 

This result follows from the fact that if the counter-cones and 
driven cones are similar, the ratio of the diameter of steps equidis- 
tant from the middle is the square root of the ratio of their respec- 
tive speeds. Thus in a three-speed cone where the diameter of the 
largest cone is twice the diameter of the smallest, the fastest speed 
is four times the slowest. 
dia. cone 3 
dia. cone 4 
D gives 1.43 for the ratio os ei 
dia. cone 5 
dia. cone 6 


E gives 1.82 for the ratio — 
dia. cone 1 


Thus C gives 1.13 for the ratio 


Now cone 6 being fixed on as 20 ins. in diameter, cone 1 is 
found by direct proportion to be as nearly as possible 11 ins. 
In practice the diameters of the intermediate cones would usually 
be taken in arithmetical progression, the results so obtained being 
sufficiently near the values sought. But if closer results are required, 
remembering that the sum of the diameters of a pair of conesteps is 
constant and equal to 31 ins. (zoins.+11 ins.) if r is the ratio of any 
pair the diameter of one of them is 

Ee 
rt+i 
and that of the other 
31 
r+r 

If the cones are to have equal steps the lines C, D, E, of Fig. 12, 
may be entirely dispensed with. The diameter of the largest cone 
being settled by practical conditions, that of the smallest can be 
found direct as illustrated in Fig. 13. Opposite 6 in the line AB 
place 20 (the diameter of the largest cone) of the C-scale of the slide 
rule, and opposite the first graduation of AB find 10.97, or say 11 
ins. on the C-scale. 

It will be seen therefore that the above operations have involved: 
(a) the measurement of the distance between two points of the 
B-scale, (b) the transfer of this distance to the paper, (c) its division 
into eleven parts, and (d) the further bisection of one of these parts 
by aline. The results obtained by direct reading are: The appro- 
priate speeds, the countershaft speed, the gearing ratio and the sizes 
of the cones, all of which are obtained without calculation, The 
method to be adopted for finding suitable gears to give the required 
ratio will be explained later. 

The second variation is to employ a four-speed cone delivering 
its motion either direct or through two changes of gearing. The 
first step would be exactly the same as before, the distance AB 
being the scale distance between fastest and slowest speeds on the 
B-scale, and the intermediate speeds being read direct as before. 
The further scheme of operations is shown in Fig. 14. 

The countershaft speed is obtained at the same time as the inter- 
mediate speeds by taking the scale reading of a line bisecting the 
fastest and slowest cone speed lines. 

The gear ratios are obtained on the B-scale, from P to Q and from 
R to S, the unit of the slide-rule scale being placed respectively at 
PandR. The size of the smallest cone is given by the reading MN 
on the C scale, 20 (i.e., diameter of the largest cone step) being 


placed at N and the diameter of smallest cone being given on the 
C scale at M as 14 ins. 

When finding the teeth in the wheely the clue is the easily remem- 
bered fact that in a pair of wheels in which the ratio of the faster 
divided by the slower is ry the number of teeth in the pinion is 

sum of number of teeth 

> 
Now, the sum of the number of teeth is always fixed when the centers 
of the wheels and the pitch have been determined. In compound 
gears the simplest case is back gearing: where both pairs are equal. 
The total ratio of the gearing has been determined in the foregoing 
cases by a simple reading on the B-scale, see Fig. 12, where the total 
ratio is 4.25. Using the C-scale, however, we should obtain the 
square root of this ratio and should thus have the ratio of each pair 
of wheels. Thus if x on the C-scale is put opposite A in Fig. 13 the 
line 7 would come opposite 2.06. And if the total number of teeth 
in each pair were 150, we should have as the number of teeth in 


OM I50 
pinion ee or 49 nearly, and of the wheel, 150 —49=1o1. 


Returning to the case in Fig. 14, a convenient method of obtain- 
ing the changes of gear would be as in Fig. 15, where only three sizes 
of wheels are used, all of the same pitch but of decreasing breadths 
as we move from right to left. The fast or first gear is through the 
equal wheels AA and CB, the total ratio being 2.61. If the number 


of teeth as before is 150, then the number of teeth in C is obviously 
150 

ie or 43, and for B we have number of teeth=150—43=107, 
while A has 75 teeth. The simplicity of the processes explained is 
obvious and the method can be modified by anyone understanding 


the principles of the logarithmic scale. 


Arithmetical Solution 


Arithmetical calculation may be used for solving cone pulley problems 
in cases which do not involve belt angles so large as to require com- 
pensation for belt length. The following systematic procedure is 
by P. V. Vernon (Trans. Manchester Asso. of Engnrs., 1903). 

In the preceeding solutions the slowest speed was selected as the 
starting-point from which the others were obtained by working up- 
ward. Mer. Vernon inverts this process and begins with the fastest 
speed from which the others are obtained by working downward. 
Under the former method the ratio between the speeds is more 
than one; under the latter it is less than one, the two values being 
reciprocals. 

To calculate the ratio for the latter method, divide the slowest by 
the fastest r.p.m., and find the logarithm of the quotient. Divide 
this logarithm by the number of speeds less one and find the natural 
number corresponding to this logarithm, which number will be the 
required ratio. For the former method divide the fastest by the 
slowest r.p.m., and proceed as before 

This calculation may be replaced by Table 1 of ideal speed ranges 
with sufficient accuracy for practical purposes, the greatest error 
introduced in the speed ratio being one-half of 1 per cent. 

To find the ratio and the speeds for the example shown in Fig. 16, 
in which it is required to find the correct proportions of gears and 
cone pulley for an ordinary back-geared headstock! to produce 
twelve speeds varying from 280 down to 20 per min. The cone 
pulley is to have three steps, the largest 12 ins. diameter, and will, of 
course, be driven from a two-speed countershaft. This example is 
representative of a type of headstock largely used on medium-sized 
turret lathes. 

Referring to the table of ideal speed ranges it will be seen that the 
first number in each column is tooo, so that a corresponding range 
of speeds in the table would have twelve speeds varying from 1000 

1 The construction called back gear in the United States is in England called 
double gear. 


SO 


1000 X 20 
down to — Sha OF from r1ooo down to 71.4. 
and look along horizontal line No. 12 for the figure nearest 71.4. 
This will be found to be 74.7 in the 21 per cent. column, which is 
probably near enough for the purpose, and fixes the common ratio 
required at .79, or 21 per cent. of drop from speed to speed. 

The percentage of drop from speed to speed will therefore be 21 
per cent. with 280 as a maximum. Plot out speeds as follows, 
either by calculation or slide rule: 280, 221, 174.7, 138, 109, 86.1, 
68, 53-7, 42-4, 33-5, 26.46, 20.9. 

To find these speeds by logarithms, note that the logarithm of the 
ratio is the common difference of the logarithms of the speeds, there- 
fore, find the logarithm of the highest speed and from it subtract 
the logarithm of the ratio, the result being the logarithm of the 


Refer to table 
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second speed. From this logarithm subtract again the logarithm 
of the ratio and the result will be the logarithm of the third speed, 
and so on. 

To find the correct proportions of gears and cone pulley to produce 
the above speeds: 

The set of speeds as obtained above may now be arranged as in 
Fig. 17, which represents in a simple way the general arrangement 
or typical form for obtaining geometrical ranges for all combina- 
tions of gears, cone pulleys, and countershaft changes. 

The arrangement consists of two main divisions of six speeds 
each, one division being entirely direct speed and the other entirely 
back geared, each division giving half the range and without any 
overlapping. 

Each main division consists of two sub-divisions of three speeds 


TABLE 1.—IDEAL SPEED RANGES 
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each, one for the fast and one for the slow countershaft speed, the 
sub-divisions being in the same order in each main division. Each 
sub-division consists of a group of three speeds, one for each step 
of the cone pulley, all in the same order and without overlapping. 
Suppose, in the example, that the countershaft and machine cones 
are identical; then the countershaft speeds will be 221 and 10g r.p.m. 


Fic. 16.—Lathe headstock with plain back gears, counter-shaft 
speeds 221 and rog r.p.m., back gear ratio 4.11 to 1. 


Direct Speed 


Direct Speed 
Back Gear 


or »Y> 
Back Gear = 
Counter-shaft 


Fast or Siow 


Step of Cone 


Back Gear 
4lltol 


Counter-shaft 
Speed SS 
Step of Cone 


ssp_>| 280 | 221 7] 13 20.9 


Fic, 18. 


Speeds 


Fics. 17 and 18.—Preliminary and final speed determinations for 
the case of Fig. 16. 


Note.—If the cone pulleys have an odd number of steps, the 
countershaft speed equals the speed of the driven cone with the 
belt on the middle step. If the number of steps is even, the counter- 
shaft speed 


= quickest speed of cone X 


5 ies speed of cone (a) 
quickest 
The largest diameter of the cone pulley is givenasi1zin. The 
smallest diameter then is equal to 
largest diameter,,countershaft 
of cone ~___speed 
quickest speed of cone 
T2297 
SS Sep rn b 
iG 9.47 ins 1) 


The middle step =half the sum of the other two steps =10.73 ins. 

The ratio of the back gears may be obtained by inspection of the 
range of speeds of Fig. 17, from which it will be seen that the ratio 
required is in the proportion of the highest direct speed to the 
highest back-gear speed, or as 280 :68=4.11 tor. The gears should 
be proportioned to give this ratio to the nearest tooth. 

The required data are now complete, and the actual speeds may 
be Jaid out as in Fig. 18. 

If the gears which can be used will not give exactly 4.11 to 1, 
because of the necessity for using an integral number of teeth, the 
nearest approximation must be used. 

6 


For double back gears, as shown in Fig. 19, the conditions chosen 
are that the cone pulley shall have three steps, the largest 18 ins. 
diameter, and to be driven from a two-speed countershaft. Eighteen 
speeds are required from 43 up to 300 r.p.m., the corresponding 
range in Table 1 of ideal speed ranges being 18 speeds, varying 
1000 X 4.5 

30018 

By looking along horizontal line No. 18, we find that 14.6 in the 
22 per cent. column is the nearest figure to 15, and gives probably 
a near enough percentage for the purpose. If a greater degree of 
accuracy be required, the percentage of drop can be slightly changed 
to suit, but as the adjacent columns only vary from each other by 
a difference of 1 per cent., the table will be found to fulfill all 
practical requirements. 

The required speed range will then have a drop from speed to 
speed of 22 per cent., with 300 as a maximum. 

Plot out the speeds in a similar manner to the first example by 
calculation or slide rule, as shown in Fig. 20. 

It should be noted that Fig. 20 has exactly the same general form 
as in the first example, an extra division, however, being required 
for the extra gear ratio. The calculation is just as simple as in the 
first example, although rather longer, and it will be shown later that 
the method is equally applicable to the most complicated arrange- 
ments of gearing. 

The countershaft speeds will be 234 and 111 per min., as will be 
seen by inspection of Fig. 20, being equal to the second and fifth 
spindle speeds. 


from tooo down to 


The largest diameter of cone pulley is given as 18 ins. The small- 
: : 8 é 
est diameter will therefore be ~ oe 14.4, Say 14 ins. The cone 


pulley will therefore have diameters of 14, 16 and 18 ins. 


Arrangement of speeds: 
1st group: 6 speeds, direct. 


ALG 

2d group: 6 speeds, B Xp 4-44 to I. 
Eas 

3d. group: 6 speeds, px pai197 tO 


Fic. 19.—Lathe headstock with double back gears. Countershaft 


speeds 234 and 111 r.p.m. 


The two gear ratios may be found by inspecting the table of speeds, 
from which it will be seen that the ratio required for the low gear 
is in the proportion of the first to the seventh speed. 

= 300 :67.7=4.44 to I 

The ratio for the high gear is in the proportion of the first to the 

thirteenth speed. 
= 300 :15.2=19.7 tol 

This gear ratio is exactly the square of the first gear ratio. The 
three divisions of speeds will thus have gears forming a geometrical 
progression with a common ratio equal to the first gear ratio thus: 

Single speed First gear 
I IX 4.44 I X4.44X4.44 
or I 4.44 19.7 

The above holds good for all arrangements planned by this method, 

no matter how many gear changes may be used. 


Second gear 


The required data are now complete, and the speeds may be laid 
out as in Fig. 21. 

In the lowest line of Fig. 21 the percentage of drop from speed 
to speed is given, and it will be observed that this is very close to 
the 22 per cent. aimed at. If all the figures were worked out to 
sufficient places of decimals, exactly 22 per cent. would be obtained. 
It is not necessary, however, to overdo the calculations, or much 
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The largest diameter of the cone pulley is given as 24 ins. “The 
smallest diameter then by formula (0) 


largest diameter of cone X fast countershaft speed 
quickest speed of cone 


24 X124 _ 

= 

The cone pulleys will therefore have steps 
19.840, 21.227, 22.614, and 24 ins. diameter, the 


19.84 


diameters being in arithmetical progression with 
a common difference of 1.387 ins. 


Fast or Slow 


| 1st Group 2nd Group 
Direct Speed or é r 
Toy ondlicre Gace Direct Speed Low Gear High Gear 
Counter-Shaft 
Ae Slow Fast Slow 


If the drop in diameter between the steps of the 


Step of Cone 


i. 
= 2 3 


1 


cone is considerable, or if the drive is very short, 
it would be necessary to calculate the interme- 
diate speeds separately, as equal differences in 


142.3 


Speeds %— | 300 | 234 | 182.5 


IB, eh 


1st Group 2nd Group 


diameter do not give equal percentages of speed 
change. The calculation is made as follows: 


Let «== diameter of required step of driven cone, 
y = diameter of required step of driving cone, 


3rd Group 


Low Gear 
4.44 tol 


Direct Speed or 
ye 
Low or High Gear 


Direct Speed 


High Gear 


a=largest diameter of cone pulley, 


eH os b=smallest diameter of cone pulley, 


Counter-Sbaft 
Speed 9—> 
Step of Cone 


c=intermediate speed required, 
d=speed of driving cone. 


Then 


_ad+bd 


1 2 3 {1 
142.7] 111 | 86.3 | 67.7 


FIG. 21. 


Fics. 20 and 21.—Preliminary and final speed determinations for the case of Fig. 19. 


time can be wasted without any corresponding gain. In many cases 
the gear ratios obtainable will introduce a slight error, which would 
more than extinguish the extra accuracy so obtained. In all prac- 
tical work approximations are permissible, providing that the errors 
are small and are known. ‘The gear should be proportioned to give 
the above speeds as nearly as the pitches will allow. 

For more complex arrangements of back gears, as shown in Fig. 22, 
it is assumed that it is desired to find the correct proportions of gears 
and cone pulley for a headstock arranged to run direct or through 
any of four separate ratios of gearing, the cone pulley to have four 
steps, the largest diameter being 24 ins., and driven from a two- 
speed countershaft giving 40 speeds varying from 1 up to 150 per 
min. Fig. 22 shows the arrangement in diagrammatic form. The 
total ratio of speed range required being 150 to 1, the corresponding 


range in the table will vary from 1000 down to aa = 6.606. 


By examining horizontal line 40 in the table we find that 6.7 in 
the 12 per cent. column is the nearest figure to 6.66, and is near 
enough for the purpose. 

The required speed range should then have a percentage of drop 
from speed to speed of 12 per cent., with 150 as a maximum. Plot 
out speeds, following the same method as in the previous examples, 
as shown in Fig. 23. 

The cone pulley in this example has four steps and the counter- 
shaft speeds must therefore be calculated, there being no middle 

SSlep: 
The fast countershaft speed, by formula (a) . 


/102 
= TSON| = 123.6 
150 


say, 124 r.p.m. 
The slow countershaft speed may be found from the table of speeds 
given in Fig. 23, being equal to 
fast countershaft speed 
ratio of rst and 5th speeds 


a 5o% 
4> 36 =74.4 


x= pa y=a+b—x 


To determine the gear ratios in the last example 
it will be seen by inspection of Fig. 23 that the 
ratios required for the four sets of gears are in 
the proportions of the first speed to the ninth, 
seventeenth, twenty-fifth and thirty-third respectively. These ratios 
are in geometrical progression with a common ratio of 2.783 to 1, and 
work out at 2.78, 7.74, 21.55,and 60. As the ratios of the various 
sets of gears are in geometrical progression, the first gear ratio only 
need actually be calculated, the second, third and fourth ratios being 
the square cube and the fourth power respectively of the first. 

Comparison of Figs. 23 and 24 shows that the desired range of 
speeds has been obtained within limits that are as accurate as the 
requirements. 


A, B, C are equal gears. 
1D) J Tél SK 


Arrangement of speeds: 
1st group: 8 speeds, direct. 


A_»D 
2d group: 8 speeds, B Xi =2.78 tor. 


Male to, IB) 
3d group: 8 speeds, CXE*% R774 tor. 
FAW IEE SIRE ID) 
4th group: 8 speeds, 3 X ~7 X GX = 21.55 to 1. 


phere An ee 
5th group: 8 speeds, CXTX% TX G*% is 


Fic. 22,—Lathe headstock with multiple back gears. 
speeds 124 and 74.4 r.p.m. 


=60 to 1 
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Fic. 24. 


Fics. 23 and 24.—Preliminary and final speed determinations for the case of Fig. 22. 


Planetary Back Gears 


The proportions of planetary back gears have been worked out by 
E. J. Lees (Amer. Mach., March 1, 1906) as givenin Table 2. Three 
idlers are used to give correct balance when locked up and driven 
direct. The general arrangement is shown in Fig. 25, which neces- 
sitates that the number of teeth in all gears shall be divisible by 
three. 


TABLE 2.—PROPORTIONS OF PLANETARY BACK GEARS 


Size No. fer Pa es la ese | Is Oni Los err Nhe we 
Diam. of pulley..... |} 8 | 8 jrO0 |1O |12 |x2 |r5 TS eS eS lrg | 18 
Face of pulley....... 13 | 3} 3%) 34] 43] 43] 54! 3 El Oe yale 73 
Width of belt....... Pes 1S) | al 4 les | 6 | 6/7 7 
Approx. h.p. at 300 | 23} 23{ 44) 44) 72) 72/11 EE ere xs (TS es 

T.p.m. 
Shaft diam. D....... r3) x3) rd] 13] 18} 1) 13 1} ules es 3 
Pitch diam. pinion A} 23) 43) 24 57) 24 5y| 24] 6 3 Ones: 23 
No. teeth in A...... 18 |36 |r8 |36 |18 |36 |18 | 42 | 18 | 54 |15 | 30 
Pitch diam. internal 9 | 9 107 103 107/107 128) 12%] 18 | 18 |25 | 25 

gear B. | | 
No. teeth in B...... 72 |\72 |72 172 172 |72 |90 90 |108 |108 |75 | 75 
Pitch diam. idler C..| 33) 23, 3$| 24] 3$| 2#) s}) 33 73} 43/10 | 6 
mo-teeth in C...... 27 |18 |27 |18 |27 18 |36 24 | 45 | 27 130 | 18 
No. of idlers........ weed eral tee Sie 1S | 3 By oa ses 3 
Diam. pitch of gears.| 8 | 8 | 7 we ge ce ee 6| 3 | 3 
Face of gears....... ied | aed Maa lena bana genie | es Tay 2 23 | 3 
: Sank | s |S ha! 613-242), 7]. 3-1 6 12.023 
ROUEN Oa as 8S os to | to | to| to! to | to! to | to | to) to | to | to 

Pema Wee errs exter re |) or hy re || Gre 


Fic. 25.—Planetary back gearing. 


Gear Ratios for Motor Drives 


Gear ratios for motor drives as pointed out by W. Owen (Amer. 
Mach., March 28, 1907) are frequently arranged to advance in multi- 
ples of the total speed ratio of the motor—a method which results in 
the highest speed with each gear in, duplicating the lowest with 
that gear out and in reducing the total range. These results are 
shown in Fig. 26, in which the motor ratio is three to one. Were 


Fic. 26. 
Fics. 26 and 27.—Back gear ratios for motor drives. 
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the speeds made to advance as the gears are thrown out the result 
22m 


81 


would be that shown in Fig. 27, which gives a total range of 


1.51 times that of Fig. 26. 

The speeds of variable-speed motors are frequently arranged in 
arithmetical progression, as indicated in the illustrations which, while 
not asit should be, does not prevent the gear ratios being in geomet- 
rical progression, thus giving most of the advantages of that system. 

Let S=highest motor speed, 

s=lowest motor speed, 
n=number of speeds on motor, 
r=ratio of advance. 

Were the speeds of the motor arranged in geometrical progression 
the ratio of advance would be 
a 


hs 
Ss 
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and, using this for the gear changes, the ratio of first gear change 
= Ge fs) s 
Ne 
nt Is n 
ratio of second gear change= ‘ ( ") f 
and so on for the other gear changes. 


Table 3 of back gear ratios for motor drives gives the correct gear 
ratios for most cases arising in practice. 


TABLE 3.—BacKk GEAR CHANGES FOR MoToR DRIVES 
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Gear-box Construction 


The substitution of gear boxes for cone pulleys in feed gearing for 
machine tools has led to numerous constructions. The following 
analysis of some of the leading arrangements by A. M. Sosa (Amer. 
Mach., Feb. 15, 1906) will be of assistance to beginners in this field 
of work, 

Fig. 28 shows the most usual way of applying the cone-gear 
mechanism, in which R indicates the driving and D the driven shaft. 
This arrangement is most economical for drives, where the power 
transmitted is constant. The largest gear gives the slowest speed 
and maximum torque, the smallest vice versa, and the pressure on 
all gear teeth, as well as lineal velocity, is constant. 

Fig. 29 is the inverse of Fig. 28. The cone is on the driving and 
the sliding pinion on the driven shaft, which may be connected to 
the feed screw, or it may be the feed. screwitself. The sliding pinion 
is of the same diameter as the largest cone-gear, and gives the r to 
1 ratio, which is the fastest, and requires the maximum torque. 

This construction gives low speeds, as one revolution of the screw 
gives a feed equal to its pitch, and very coarse pitches are most in 
use. The power is a maximum for the coarsest feed and is trans- 
mitted through two large gears instead of two small pinions: The 
large gear on the screw reduces the pressure on the gear teeth, 
permits the use of small pitches and gives a compact arrangement. 

At the same time an increase of lineal velocity of the gear teeth 


is the result, but this is a rather desirable feature when low speeds 
are concerned, The ratio of speeds obtained by this method is as 
the ratio of the diameter of the largest and smallest cone-gears. 

For a ratio 4 to 1, starting with a 14-tooth pinion, the largest 
would be a 56-tooth gear. This difference in diameter of gears is 
cumbersome and marks the limit as to the cone ratio. Next to the 
feed-gear box or in some other part of the machine is usually found 
a second box containing four gears and a clutch, called the speed 
clutch box, which is nothing more than a back gear. 

It seems more economical, when possible, to place this back gear 
on the cone gear itself as shown in Fig. 30, in which, the cone is in 
one piece and runs loose. The clutch slides, keyed on the shaft, 
and transmits the motion to the cone directly or through the back 
gear. With gears 4 to 1 in diameter, as shown, a ratio of feeds of 
32 to 1 in round numbers is conveniently obtained. 

Fig. 31 shows a combination for six feeds, speed ratio 12 to 1, 
and gear ratio 3 to 1. This is operated by one lever, the tumbler 
lever only. If the running speeds are low, it does not seem to be 
an objection to have all the gears running. This cone is in two 
parts; the three gears at the left are keyed to shaft R and the three 
at the right run loose, are in one piece on the same shaft and receive 
motion through the back gear as shown. Compounding two cones 
in this manner gives a very large ratio, with relatively small gears. 

Fig. 32 illustrates the use of four gears with a diameter ratio of 
2 to 1 only, giving a ratio for the cone of 8 to 1. The arrangement 
is the same as in Fig. 31. 

In Fig. 33 the number of teeth are given, the smallest pinion 
having 14 and the largest gear 28 teeth. The first two gears at the 
left are keyed to shaft R, the other two running loose on a sleeve. 
The cone runs loose and is in one piece. Both clutches slide on keys 
on the cone shaft, and the other three gears run loose on the cone 
shaft. This arrangement seems very convenient for screw cutting. 
The table of threads per inch is shown in the figure. When the feeds 
per inch are arranged in successive groups, and each group is a multi- 
ple of the previous one, the gear ratios can be easily seen. The last 
group gives more directly the ratios of cone gears. The first number 
of first and second groups, gives the ratios for the clutch gears 1 to 
1—2to1. The first number of the third group (4), gives the back- 
gear ratio 4 tox. And the first number of the last group is the prod- 
uct of clutch gear (2) and back gear (4), and represents their 
combination. 

Fig. 34 represents a type of drive with cone and sliding gears. 
The compounding of cones suggested for feed gears would not seem 
advisable for the reasons previously explained, but compounding 
the tumbler gear would not change the conditions materially, and 
double the number of speeds may be obtained. What is generally 
the idler is, in this case, made of two gears in one piece, running loose 
on the stud. The ratio of these gears is equal to the percentage of 
increase of the two next speeds, in this case about 1.2 to 1. The 
cone gears are spaced at a distance equal to the width of face plus 
clearance.* The gears are drawn to scale, relative to each other, and 
represent a geometric progression of 16 speeds with a ratio of 20 to 1. 
The total number of gears used is only nine. 

For heavy drives it is not possible to make combinations in the 
manner previously stated, and the back gears are more successfully 
grouped separately. 

Fig. 35 shows a combination of four gears. The ratios are as 1, 
2%, 6¢ and 153, to 1. Different considerations enter into this prob- 
lem, such as the distribution and the alignment of bearings, the 
elimination of sleeves and running fits under pressure or torsion 
and reducing the number of clutches, operating levers and 
interlocking devices. 

Other typical gear box arrangements are discussed by H. T. 
MiLiar (Amer. Mach., Dec. 14, 1905) as follows: 

It is possible to obtain twenty-one changes in geometrical pro- 
gression with twelve gears and four shafts. Fig. 36 is a develop- 
ment of the motion, the dimensions of which show the relative sizes. 
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It is always better to lay the gears out in this manner first, then to 
figure the absolute sizes in consideration of the actual requirements 
of the case, which may limit the size of the largest or smallest of the 
gears. The speed ratio is 34 to 1 and the rises are shown in the 
chart, Fig. 37. Wheels J, J and K, Fig. 36, gear with corresponding 
wheels H, F and B. J,J and K are mounted on a splined shaft, 
which is the final shaft of the motion. The connection between 


Threads per Inch 


Returning to Fig. 36, the dimensions of the gears BC—H rise in 
geometric ratio and need no comment. 

With some rises it is impossible to obtain a correct ratio between 
F and J, having to keep a fixed center distance, and Fig. 39 shows 
the obvious remedy. In a similar manner four pairs of wheels 
could be used, giving four changes for every speed of the shaft 
above. 


The wheels on the driven shaft would need to be coupled 
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Fic. 37. 
Speeds of Figs.36 and 39. 
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Fics. 28 to 40.—Typical arrangements of geared feed boxes. 


pinion A and the train BC—H is made by the ordinary sliding wheel 
and tumble shaft, not shown; the third shaft of the motion M has 
seven speeds of revolution, corresponding to the gears mounted on 
it. For each of these the final shaft V has three, obtained by put- 
ting either J, J or K into gear. Obviously only one of these must 
be in mesh at a time, and it is an advantage to have only one handle 
to move them. If two handles are used they must be interlocked. 
The details of a cam arrangement are shown in Fig. 38. The stir- 
rups slide loosely on the rod M, and are moved by the pins running 
in the cam, which turns half a revolution. 


together in pairs and moved in and out of mesh by a cam, or a pair 
of interlocking segments to be described later. 

When there are only two gears on the driven shaft, as on the 
Brown & Sharpe gear cutter, the segment A, Fig. 40, provides a neat 
method of moving the slow and fast gears. As is evident from the 
sketch it moves one gear out of mesh before putting the other in, 
and prevents the breakage which might occur through leaving both 
gears half in mesh. It also enables the gears to be put in while in 
motion if necessary. The rings R, kept from revolving by a rod 
passing through eyes at the back of the shaft, have semicircular 
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pins set in them. Starting at the top sketch, the ring R; is moved 
endwise until the pin S comes out of the recess in the segment. 
At that time the end of the segment comes in contact with the 
other pin 7, moving it along; the pin S being now clear of the 
segment. 

The great advantage of all these arrangements is that no gear is 
' in mesh except those actually doing the work and the number of 
these is kept at a minimum. 

If the speeds shown in Fig. 41 are near enough to correct pro- 
gression, the layout of Fig. 42 meets some cases. It is impossible 
to obtain absolutely correct rises, but those shown are near enough 
for the majority of purposes. As shown there are eighteen changes 
with a ratio of 34 to 1. The three wheels keyed on the left-hand 
end of shaft G are statidnary endwise. The sliding wheels CBA 
and DEF are moved on their shafts by cams laid out on both sides 
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Fic. 41.—Speeds of Fig. 42. 


of plate P. Lever R fulfills a double purpose; it acts as an index for 
the nine different positions of the cam plate and it also stops the 
gears before any change takes place. When the plate is turned, it 
lifts lever R, which is connected by a shaft to clutch S. The clutch 
K puts in either the slow or fast gears. If the motion had to be 
placed in an inaccessible position a bevel or other gear could be 
mounted in place of the handle, and connections made by shafts 
to some convenient position. 

It is well to notice that the wheels in this motion should have 
varying widths. Each wheel has a different periphery speed and 
consequently a different load on the pitch line. 


Fic. 42.—Typical arrangement of geared feed boxes. 


SPUR GEARS 


The movement away from the epicycloidal and toward the in- 
volute system of gear-tooth profile has now reached the point where, 
for gears of small and moderate sizes, the involute system is prac- 
tically universal. The details of this system are, however, still a 
subject of controversy. For heavy mill] gearing, whether cut or 
cast, the epicycloidal system is still in large use. 

Fig. 1 illustrates the generation of an involute. Two rollers, the 
circumferences of which are the base circles, are connected by a 
tangent cord which carries a tracing point as shown. When the 
parts are moved as shown by the arrows, the cord being kept taut, 
the tracing point traces an involute on the card abcd attached to 
the lower roller. This involute is a correct tooth profile for the lower 
one of a pair of gears having pitch circles as shown. The profile 
for the upper gear is traced in the same way by attaching the card 
to the upper roller. 

In order to satisfy the geometrical conditions it is only necessary 
that the diameters of the rollers have the same ratio as the pitch 
circles. Since an indefinite num- 
ber of rollers having a given ratio 
are possible, it follows that an 
indefinite number of involutes 
and tooth profiles are possible YL 
for every pair of pitch circles. 

The line ef of the cord is the 
line of action and the angle egh 
between this line and the com- 
mon tangent to the pitch circles 
is the angle of obliquity or the 
pressure angle. This angle is 
obviously determined by the 
diameters of the base circles 
selected and the value of the 
angle is the leading subject of 
controversy. 
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1.—Generation of an 
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A feature of the involute system is the interference between the pro- 
files when high- and low-numbered gears are in mesh. This inter- 
ference, for a pressure angle of 

14% deg. and between a twelve- 

tooth pinion and a rack is illus- 


ona trated in Fig. 2, which shows how 
Va 
aoe the outer end of the rack tooth 


: cuts into the flank of the pinion 
. tooth. The interference grows 
less as the number of teeth in 
the pinion is increased and in 
“gears of the 143-deg. system 
having the usual addendum, it 
disappears with a pinion of 30 
teeth meshing with a rack. 

Fig. 2 shows the pier 
for true involute teeth of 144 deg. 
obliquity which, as a matter of 
fact, are not made. The discus- 


TABLE 1.—DETAILS OF INVOLUTE GEAR-TOOTH SYSTEMS 
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Involute Tooth Systems 


The most common pressure angle is 14} deg., being that of 
the Brown and Sharpe system.!. The pressure angle of the Sellers 
system—due to Wilfred Lewis—is 20 deg.,. which also is the 
angle of the Fellows? and Logue stub-tooth systems. The Hunt 
stub-tooth system has an angle of 143 deg. 


1The Brown and Sharpe Mfg. Co. make cutters for other as well as for 


the standard angle. 
2The Fellows Gear Shaper Co. make cutters for a pressure angle of 144 


deg. also. 
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Values of Fellows Addendum 


sion of the angles has been obscured by its limitation to true 
involutes. As made by the Brown & Sharpe Mfg. Co. the 
tooth outlines, whatever the obliquity, are modified by rounding 
the points of the teeth in order to accommodate unavoidable im- 
perfections of workmanship and bring about more quiet action. 
This rounding also permits filling in the undercut of 143 deg. low- 
numbered pinions, thus restoring most of the loss of strength due 
to the undercut of unmodified involute profiles. 

The advocates of unmodified involute profiles urge an increase 
of obliquity as a means of avoiding the undercut. As the angle 
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is increased the number of pinion teeth requiring modification for 
interference is reduced until, with an angle of 223 deg., the length 
of the tooth remaining unchanged, it disappears under the extreme 
condition of a 12-tooth pinion meshing with a rack. 

Most constructors have hesitated to adopt so large an angle and 
a compromise suggestion has been made to increase the angle to 20 
deg. and at the same time reduce the length of the teeth. The 
Fellows and Logue stub-tooth systems (the latter used by R. D. Nut- 
tall Co.) embody these features. 

The shorter tooth has also been strongly advocated for heavy 
mill gearing. It seems to have found greater adoption for this pur- 
pose in England than in the United States, the chief user in the latter 
country, so far as known to the author, being the C. W. Hunt Co. 
The object of this change in heavy gearing is to secure increased 
strength. Shortening the teeth without increasing the pressure angle 
will not avoid interference with pinions having as few as 12 teeth. 
The C. W. Hunt Co. prefer not to use pinions having less than 19 
teeth. 

Table 1 gives the principal details of the above-named systems 
and of the Adamson (British) system, the notation being given in 
the illustration above the table. The Adamson (Jos. Adamson & 
Co.) system is based on the recommendations of Michael Long- 
ridge, the leading advocate of the stub tooth in Great Britain. 


Dimensions of Gear Teeth 


The dimensions of gears by diametral pitch and of the Brown and 
Sharpe standard may be determined from the well-known formulas 
of Table 2 by the Brown & Sharpe Mfg. Co. in which 


p=diametral pitch or the number of teeth tor in. of diameter 
of pitch circle. 
P=circular pitch or the distance from the center of one tooth 
to the center of the next on the pitch circle, ins. 
D/=diameter of pitch circle, ins. ) 
D=whole diameter, ins. { 
N =number of teeth | wheel 
These wheels 
| run together 
t 


V =velocity 

d’ = diameter of pitch circle, ins. 
d=whole diameter, ins. Smaller 
n=number of teeth wheel 
v=velocity 
a=distance between centers of the two wheels, ins. 
b=number of teeth in both wheels. 
1=thickness of tooth or cutter on pitch circle, ins. 

D" =working depth of tooth, ins. 
j=amount added to depth of tooth for rounding the corners 

and for clearance, ins. 
D'"’+f=whole depth of tooth, ins. 
= =3.14106. 


The examples placed opposite the formulas are for a single wheel 
of 12 pitch 6.166 or 6;%5 ins. diameter, etc., and in the case of the /wo 
wheels the larger has the same dimensions. The velocities are 
respectively 1 and 2. 

A list of tooth parts according to the Brown & Sharpe system will 
be found in Tables 6 and 8 and a list of useful multipliers in Table s. 
See also Table 19. 


1In one respect the notation of the illustration is not in universal use, 
some writers defining dedendum as the entire depth below the pitch line= 
dedendum + clearance as here defined. 
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FOR A SINGLE WHEEL 


Formulas Examples 
IMSE GOSH (eae 
D O06: ee 


Pak Dee 
PT NG tae 

,_ DXN _6.166X%72 _ 
as 72+2 =o 
pe ee 

D Pai 


IM Spf OP SD KOS 7/2n 
N=pD—2=12X6.166—2, or 12 X67—2=72. 


Cee - =0 66, or Oxs 
Payee eyed = 
D1) tape Olea or 6+.166 =6.166. 
eR NEEN 
Cz p ae “ES 
a Fe Oe 
D ip wD 166, Or 7a 
ty Pesce 
740.0 8i6 eae 
D" +f =.166+.013 =.170. 
_% _3-1416 _ 
EE en 262. 
7% _3-1416 _ 
ge Ee 
FOR A PatR OF WHEELS 
Formulas Examples 
b=2ap=2X4.5 X12 =108 
_ bv 108X2 6 
OS ae = 36. 
_ nv 36X%2 
eta a Oe HP 
WAY Giessen 
=—— = —— = 36. 
v 2 
bv =108X2 
RS ey 3 =72. 
pry 0a EEE as 
v 2 
ee ae 
Svs an 
NV Weer 
— 
n 36 
pD'V 12X6X1 
— = =2. 
nN 36 
ye ME ise 
108 
2a(n+2) 2X4.5X(36+2) 
b=-- = : = 3.166. 
b 108 
plerctee 
a ob IIs 
,_ 200 _ 2X4.5X%2 
yy wt 8 x 
a’ 2aV _2X4.5X1 
~v+V 3 a 
Dita 643 _ 
~ ig ee 


TABLE 2.—FORMULAS FOR DIMENSIONS OF INVOLUTE GEARS 
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Table 3 gives dimensions of gear teeth of the 143-deg. system 
and Table 4 gives similar dimensions of 20-deg. stub teeth both 
according to the practice of the Fellows Gear Shaper Co. 


TABLE 3.—DIMENSIONS OF GEAR TEETH OF 144 DEGREES 
PRrEssuURE ANGLE wiITH STANDARD ADDENDUM— 
Fellows System 


Thickness of tooth.................. =1.5708+diametral pitch. 
PNG CLETICUIN Serreteren ote cre no ena eed =1.0000+diametral pitch. 
Clearance, gear shaper gear......... = .2500+diametral pitch. 
Clearance, milled gear............... = .1571+diametral pitch. 
Whole depth, gear shaper gear....... = 


pitch line to the base line. Draw straight radial flanks from the base 
line to the root line and round them into the clearance line. 


TABLE 4.—DIMENSIONS OF GEAR TEETH OF 20 DEG. PRESSURE 
ANGLE witH REDUCED ADDENDUM—Fellows Stub-tooth 
System 


Thickness of tooth same as for 144-deg. gear of same pitch as numer- 
ator of stub-tooth pitch fraction. 

Addendum, clearance, depth of space and whole depth of tooth 
same as for 143-deg. gear shaper, gear of same pitch as denominator 
of stub-tooth pitch fraction. 


‘Diametral "Thickness | Whole depth 

pitch _of tooth Addendum Clearance af cont 

$ 3927 . 2000 .0500 .4500 

% 3142 .1429 0357 3214 

$ 2618 .1250 0312 . 2812 

4 2244 .IIII .0278 . 2500 

to . 1963 . 1000 .0250 . 2250 

ir 1745 0909 .0227 . 2045 

3 1571 .0833 .0208 . 1875 

i 1309 0714 0179 .1607 


2,2500+diametral pitch. 
Whole depth, milled gear............ =2.1571-+diametral pitch. 

Thick- Clearance | Whole depth 

Diametral Adden- | Gear : Gear 
mich OT dum | cheer led] | Milled 

aper shaper 
tooth | gear p gear 

gear gear 
I 1.5708 | 1.0900 |. 2500 |.1571 |2 2500] 2.1571 
1} 1.0472 6667 ROA Wailea. cen 1.4381 
2 7854 BOOGHIE cena a [POROS Weve ore 1.0785 
25 .6283 PAGOON St he O098 Lona. wai) 28028 
3 5236 | .3333 052 - 7190 

| 
4 3927 | .2500 |.0625 .0303 | .562 -5393 
G 3142 | .2000 |.0500 |.0314 |.4500 .4314 
6 2618 1667 |.0417 |.0262 |.3750 | .3505 
7 { 2244 1429 |.0357 | 0224 |.3214 . 3081 
8 1963 1250 |.0312 |.0196 |. 2812 . 2696 
9 .1745 LLEL 0278) |1OL75 | 2500 . 2307 
10 Hie eRe 1000 |.0250 |.0157 |.2250 ay 
Ee . 1309 0833 |.0208 |.o131 1875 .1798 
14 [i122 0714 |.0179 |.0112 |. 1607 .I541 
16 0982 0625 | 0156 0098 |. 1406 .1348 
| | 
18 FoSzan| cOss5 | 0139 |.0087 |.1250 . 1198 
20 P0785 5/9 .0500 10125 |.0078 |. 1125 . 1079 
22 bovis || 20455 |orrg | o007r |. 1023 .0980 
24 0654 | .0417 |.0104 |. 6065 0938 .0899 
26 .0604 0385 |.0096 |.0060 |.0865 .08 29 
| | 

28 .O561 | 0357 |.0089 | 0056 .0804 .0770 
30 .0524 | 0333 |.0083 |-0052 |.0750 .O719 
32 .04gI 0312 |.0078 |.0049 |.0703 .0674 


Approximate Gear-tooth Outlines 


Approximate gear-tooth outlines may be determined by the use of 
any of the various odontographs that have been proposed; of these 
probably the most accurate (in fact very accurate) and most generally 
available is that by Gro. B. Grant (Amer. Mach., May 22, July 3, 
1890, and A Treatise on Gear Wheels) which is repeated below in 
Tables 7 and 9g. 

To draw the involute tooth first draw the pitch, addendum, root 
and clearance lines and space the pitch line for the teeth as in Fig. 3. 
Draw the base line one-sixtieth of the pitch diameter inside the 
pitch line. 

Take the face radius from Table 7, multiply or divide it as called 
for by the table, take the resulting radius in the dividers and draw 
in the faces from the pitch line to the addendum line from centers 
on the base line. Take the tabular flank radius from the table, 
multiplying or dividing it as before, and draw in the flanks from the 


~ 


Pitch Line of Rack! >. 


2 Pitch 12 Teeth 


Fic. 3.—Grant’s odontograph for involute teeth. 


Fig. 3 shows the resulting radii and centers for a pinion of 2 
diametral pitch with 12 teeth and for a rack meshing with it. 

Special rule for the rack: Draw the sides of the rack tooth, Fig. 3, 
as straight lines inclined to the line of centers co at an angle of 15 
deg. Draw the outer half ab of the face one-quarter of the whole 
length of the tooth from a center on the pitch line and with 


2.10 ins. 
diametral pitch 
=.67X circular pitch 


radius = 


If the gear is to have more than 30 teeth. the rounding of the ends 
of the rack teeth is unnecessary. 
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TABLE 5.—MULTIPLIERS AND THEIR LOGARITHMS FOR FINDING DIAMETERS OF Spur GEARS FROM THE CIRCULAR PITCH 


To find pitch diameter: Multiply the number of teeth by the multiplier for the pitch. 
To find outside diameter for standard (B. & S.) addendum: Add two to the number of teeth and proceed as before. 


| 


P. | Mult’. Log, oni eR Mult’r. Log.- || BP. | Mult’r Los, |S oPy 2 tater sor 
ds” | .o1g894 | 2.208722 ad .127324 | 1.1049r0 || 6” | .377993 | 1-577484 | Dy .676408 | 1.830209 
to 031831 | 2.502850 || is .139261 | 1.143829 || eo | ROS) || LOCOS | oe .7161907 | 1.855033 
gy’ | ,035368 | 2.548610 | sy 159155 | 1.201820 || 35" | .417782 | 1.620950 || 23” .755986 | 1.878514 
4” | .039789 | 2.599763 || a6” .179049 | 1.252972 | 18” | .437676 | 1.641153 1 23” -795775 | 1.900789 
7’ | .045473 | 2.657754 | g” | 198944 | r.298731 || Ire” | .457570 | r.660457 || 28” | .835563 | 1.921079 
| | | | | | | 
ie .053052 | Z.724702 || 3 | 212207 | 1.236760 | 13” 477465 | 1.678942 1 ae | .875352 | 1.942183 
one .059683 | 2.775851 aA” 218838 | 1.340132 || 12%” | .407359 | 1.696670 || 23” -QI5I41 | 1.961488 
3" | ,063662 | 2.803880 rs 238932 | T. 37 701i) “Teele MMGE7 256 Nt oT te7 Os Nuc. 954930 | 1.979971 
3” 070735 | 2.849634 t3” 258627 | 1.412674 || 142 | .537148 | 7.730004 || 33” 994718 | 1.997700 
r” | .079577 | 2.900788 oe 278521 | 1.444858 || 13” | 557042 | 1.745888 || 3h” 1.034507 .014733 
| | | | | 
B” .090945 2.958779 ! 43” 298415 | 1.474821 | 133” .576936 | 1.761128 Boe 1.074296 .031124 
p” .099472 | 2.997701 || 1” . 318310 | 7.502850 | 1" | 500831 1 T-7 75852 || Bal 1.114085 | .046916 
a 106103 | 1.025728 || ence . 338204 | ¥.520179 | nae | .616725 | 1.790092 | | 
119366 | 1.07688x || 14” | .358099 | 1.554003 || 2” | .636619 | 1.803879 


TaBLE 6.—TootH Parts By CrrcuLAr Pircu, BROWN “AND SHARPE SYSTEM. THE 2D, 9TH AND 10TH CoLUMNS RELATE 
ALso TO Worms. From a Practical Treatise on Gearing by The Brown & Sharpe Mfg. Co. 


To obtain the size of any part of a circular pitch not given in the table, multiply the corresponding part of 1” pitch by the pitch 
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TasBLe 8.—TootH Parts By DIAMETRAL PitcH, BROWN AND SHARPE SYSTEM. 
From a Practical Treatise on Gearing by The Brown & Sharpe Mfg. Co. 
To obtain the size of any part of a diametral pitch not given in the table, divide the corresponding part of 1 diametral pitch by the 
pitch required. 
‘S 3 | ae a 6 z = 
—< neeee 3 | “ ww So Q, _ =n) ‘S) = Zo 2, 
E ee alg ee | eee | SE » | Eo S| 2 gle |SB8| oe 
Be | oo [Hes] = siz eaiaes| $8 | £4 | ea |4aq| f= sieesiasa) ss 
8-5 Sse He eS ao | Glo 8) a Ss Aus SB=| Ese ee S Ballo oS a 8 2 oa 
ae oO = a SNS Bet Se a We = © a oO > Bes> St) eae, Se ke (ese Et = ° 
a ae: t sp” s+f | D’4+f pg a Pa ! Pagto stf | DY’ +f 
$ 6.2832 3.1416 | 2.0000 | 4.0000 | 2.3142 | 4.3142 Tey 2004 1047 0666 1333 o771 .1438 
3 4.1888 | 2.0944 | 1.3333 | 2.6666 | 1.5428 | 2.8761 16 | 1963 0982 .0625 1250 .0723 .1348 
I PeEALOM Eas TOS 1 1.0000 |) 2.;0000°}) F215 70) || 22), T5717 17 | .1848 .0924 0588 1176 0681 .1269 
Be eee snas a) T2566 8000 | 1.6000 O25 jet 72 500 18 | .1745 0873 0555 iwi 0643 . 11908 
12 | 2.0944 | 1.0472 6666 | 1.3333 Bie Aen eA OX 19 1653 .0827 .0526 1053 .0609 RES 
| | 
Bee) hal. 7052 .8976 | .5714 | 1.1429 POOn2 a | ete2320 20 nS 770 0785 0500 1000 0579 . 1079 
2 1.5708 7854 | 5000 | I.0000 5785 | 1.0785 22 1428 .O714 0455 . 0909 .0526 .0980 
an 1.3963 .6981 | .4444 . 8888 5143 9587 24 1309 0654 .O417 0833 .0482 .0898 
25 1.2566 6283 4000 8000 4628 8628 26 1208 0604 0385 0769 0445 .0829 
23 1.1424 .5712 . 3636 TE 4208 7844 28 1122 .O561 0357 o714 .O413 .0770 
3 | 1.0472 . 5236 Boae . 6666 . 3857 7190 30 1047 .052 0333 0666 0386 .O719 
33 80976 .4488 | .2857 5714 . 3306 6163 2 .0982 0491 0312 .0625 .0362 0674 
4 .7854 | .3927 2500 5000 2803 5393 34 .0924 .0462 0204 0588 0340 . 0634 
5 6283 .3142 2000 4000 2304 .4314 36 .0873 0436 0278 0555 0321 .0599 
6 5236 . 2618 1666 n3383 1928 3505 38 .0827 0413 0263 .0526 0304 .0568 
7 .4488 .2244 .1429 2857 1653 . 3081 40 0785 0393 0250 ©0500 0289 .0539 
8 . 39027 .1963 1250 2500 1446 2606 42 0748 0374 0238 .0476 0275 .O514 
9 . 3401 .1745 I11I 2220 1286 2397 44 O714 0357 0227 0455 0263 .0490 
be) 3142 aise at 1000 2000 1157 2157 || 46 0683 .0341 0217 0435 0252 .0469 
11 2856 | .1428 . 0909 1818 1052 .1961 || 48 0654 .0327 0208 O417 0241 .0449 
12 . 2618 . 1309 . 0833 1666 0964 170908 50 .0628 .0314 0200 0400 0231 .0431 
net . 2417 .1208 0760 1538 .0890 1659 56 .O561 0280 0178 0357 0207 .0385 
I4 2244 Eee 2 o714 1429 .0826 1541 60 .0524 0262 0166 0333 O193 -0360 
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TABLE 9.—GRANT’S ODONTOGRAPH FOR EpICyCLOIDAL TEETH 


Addendum= .3183X circular pitch 
I 
~ diametral pitch 
& addendum 
Clearance = ~~ — 
For one For one inch 
diametral pitch circular pitch 
Number of teeth For any other pitch For any other pitch 
specs ae divide by that pitch | multiply by that pitch 
Faces Flanks Faces | Flanks 
Exact | Intervals Rad. | Dis. Rad. | Dis.) Rad. | Dis. Rad. | Dis. 
ro | 10 | 1.99|0.02|— 8.00|4.00| 0.62 |o.o1/—2.55|1.27 
II ria 2.00/0.04/—11.05)6.50| 0.63 |0.01|/—3.34|2.07 
I2 12 2.010.06 ee || Ge 0.64 |0.02 | (oe) 
134 13-14 2,040.07 I5.109.43) 0.65 |0.02) 4.803.00 
155 I5-16 2.10/0.09| 7.86/3.46] 0.67 |0.03 2.§01.10 
174 17-18 2. TA\O- 04 6.13)2.20) 0.68 |0.04| aflleor: 
20 19-21 2.200.13 5.12 1.57) 0.70 |0.04) 1.63/0.50 
23 22-24 2.26/0.15 4.50|1.13] 0.72 |0.05| 1.43/0.36 
27 25-202 33/0. 16 4.10,0.96] 0.74 |0.05| 1.30.29 
33 30-36 | 2.400.19| 3.800.72) 0.76 0.06) 1.200. 23 
| | | 
42 37-48 Pititelfe, | abate). (ei) el 7f0) 10.07 I.12.0.20 
58 490-72 2.600. 25 3:33/0.54 0.83 0.08 1.06 0.17 
07 73-144 | 2.83)/0. 28 3.14,0.44] 0.90 |0.09| 1.000.14 
290 145-3c0 2.92 0.31) 3.00.0.38) 0.93 |o.r0 0.95 0.12 
co Rack 2.96'0.34| 2.96/0.34| 0.94 |jo.1I| 0.94/0.11 


To draw the epicycloidal tooth, first draw the pitch, addendum, 
root and clearance lines and space the pitch line for the teeth as in 
Fig. 4. 

Draw the line of flank centers outside the pitch line at the tabular 
distance from it (“‘dis.” in table) obtained from Table 9 and the line 
of face centers at the tabular distance (‘‘dis.”) inside of the pitch 
circle. Take the face radius (‘‘rad.’’) in the dividers and draw the 
face curves from centers on the line of face centers. Take the flank 
radius (“‘rad.’’) and draw the flank curves from centers on the line 
of flank centers. 

Table 9 gives the distances and radii for 1 diametral and 1-in. 
circular pitch. For other pitches multiply or divide as directed in 
the table. 


Line of Flank Centers 


Center 


—— —-— 
—— 


ie, ~ 
— ~ 
—_—— = 


ee 


20 Teeth 


Fic. 4.—Grant’s odontograph for epicycloidal teeth. 


Fig. 4 shows the resulting distances and radii for a pinion of 2 
diametral pitch with 20 teeth. 


Strength of Spur Gears by Calculation 


The working loads on spur gears are commonly determined from 
the formula proposed by WiLrreD Lewis (Proc. Engrs. Club oy Phila- 
delphia, 1892) as follows: 

W =SPfy 
in which W =pressure on teeth, lbs., 

S=fiber stress, lbs. per sq. in., this stress being dependent 
on the speed in accordance with Tables ro and 11 
below, 

P=circular pitch, ins., 

ij —tace, aDs:, 

y=a factor for different numbers and forms of teeth in 
accordance with Table 12. 


TABLE 1c.—VALUES OF Factor S IN THE LEWIS FORMULA FOR 
STRENGTH OF GEARS 


Pitch-line, speed 100 or | | 
2 °F 200 300 600 900 1200 | 1800 | 2400 
ft. per min. less | | 
Castironl 2.2) 4 | 8,000! 60 000 4,800] 4,000 3, 1000 2,400) 2,000) I,700 
) 
Steel pee eas 20,000 15,000 12,000 10,000) 7,500) 6,000, 5,000; 4,300 


The high-class, alloy-steel, heat-treated transmission gears of 
automobiles carry stresses materially in excess of ‘those given in 
Table ro. F. M. Heldt, after analyzing the data of a large number 
of such gears, publishes the stresses of Table 11 as giving good results 
in intermittently meshed gears (The Horseless Age, Apr. 10, 1912). 
For constantly meshed gears the figures of the table should be reduced 
15 percent. A piston speed of 1000 ft. per min. was assumed when 
calculating the pitch-line speed. 


TABLE 11.—VALUES OF Factor S IN THE LEwis FoRMULA DEDUCED 
FROM AUTOMOBILE PRACTICE 


Pitch-line speed, 
ft. per min. 
Alloy steel case! 30,000] 27,000! 24,000! 21,000! 18,000) 15,000] 

hardened. | | | 
Chrome nickel | 60,000 53,000) 47,000| 42,000 38,000 34,000) 30,000] 27,000 
and chrome } | | | | 
vanadium steel | | | | 
hardened all | | | 
through. 


500 600 700 800 | 900 | 1,000 I,I00| 1,200 


1 


The values of the factor y may also be obtained 
from Fig. 6 by Ropert A. Bruce (Amer. Mach., 
Nov. 21, 1901) which gives these values for not only 
standard proportions of teeth but for stub teeth which 
are now coming into use. The stub teeth for which 
the chart is drawn are somewhat shorter than those 
of the Hunt and Logue systems, which see, but rea- 
sonable allowances may be made for the difference. 

The diagonal line shows a method of determining 
teeth of different systems but of equal strength. 
Thus, gears of 15 deg. obliquity, addendum .3183 
P, 16 teeth; 20 deg. obliquity, addendum .3183 P, 


20 teeth; 14} deg. obliquity, addendum, 29 teeth; 


and 20 deg. obliquity, addendum, 35 teeth have the 
same strength, the diameter, face and speed being the 
same. 

The Strength of Spur Gears by Graphics 


The working loads on spur gears may be determined 
graphically from Fig. 7 which has been constructed 
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TABLE 12.—VALUES oF FACTOR y IN THE Lewis FoRMULA FOR STRENGTH OF GEARS 


Value of factor y 
Numbe 2 | Value of fact 
of : Involute Baclet: Radial oe ante ; apabee we % 
teeth 568 TS ae at : h Involute 1<° Radial of Involute Tnvolute Radial 
oe i eyeloidal anks teet 20° F coe : Akaike weyatyn ee 15 enue 
a9) .078 067 ORE 7] Bees cycloidal as 
13 .083 .070 ee 4 Tees otcehe 060 43 | .126 ao) 068 
14 | 088 072 os4 | a asec yoo2 061 50 . 130 .I12 069 
TS 092° | -075 hoes ‘ ages wed | 2002 | 60 +134 -114 .070 
16 .004 “oe a: ms .108 .007 063 75 w138 116 O71 
17 Gen | Bek ne ee cae Gh .100 064 | 100 .142 118 072 
18 .008 | 083 oss | OU EN -102 .0605 150 -146 .120 7s 
19 . 100 087 “6 sf pad es 066 300 .150 722 .074 
4 : : a EE ee etd he 122 | 107 067 rack 154 ah os 
Favaval pu JERWAE 
20° DP. 1S Dik. 13) 1D, 182; 
Aa GR bre CORN Ee ol(46:In Gy Re ~1968 In. C. P. 
Jeti DY. AE, 
(SU RwaS eS 1.2566 In. C. P. 
FEDS. 12) 1D}, Mes LOPDS-R: 
SPP OVS ORD ecolsiin Car. B142 InwCaks 
SDR: SD. PR. ff 1D 126 
eo491" Ins Cz PE. poz ine Cubs .4488 In. C. P. 
yn Da ae 
poe | 1.5708 In, C. P. 
6.DSP. il Dhod 
fo2so tne GO. be .6283 In. C. P. 
i |, Zs (DS Le, 
Tigod Ing Cake 
A Dabs 
7854 In. C. P. 
Pur“ 
1.0472 In. C. P. 
WA AD, Ie. 


2.0944 In. C. P. 


Fic. 5.—Gear teeth of full size, involute profile, 143 degrees pressure angle. 


to represent the Lewis formula by Ropert A. Bruce (Amer. Mach., value for the load, which must be corrected by the use of the proper 
May 31, 19c0). supplementary reduction scale below. 
The main chart, which applies to cast-iron and steel gears and to The use of the chart is best shown by an example: Required the 


circular and diametral pitches, gives directly a preliminary false working load on a cast-iron spur gear of 30 teeth, 2-in. pitch, 5-in. 
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face, at a pitch-line velocity of 1000 ft. per min., the teeth being of 
the r5-deg. involute form. Find 2-in. pitch on the left-hand vertical 
scale, trace to the right until the diagonal for 5-in. face is reached, 
then down for cast-iron or up for steel and read the preliminary false 
load of 10,cco lbs. for cast-iron or 25,000 Ibs. for steel. Next apply 
the dividers to the reduction scale for 15-deg. involute and cycloidal 
teeth and take up the distance between 30 teeth and 1000 ft. pitch- 
line velocity. Step this off to the left from the preliminary false 
load and read the answers, 3000 lbs. for cast-iron and 7500 lbs. for 
steel. 

Note that in the case of the reduction scale for 20-deg. involute 
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Lewis formula is from 60 to 662 per cent. of the actual strength 
developed in the tests, while, as the speed was increased, much larger 
discrepancies in the same direction were found between calculated 
and observed results. 

Professor Marx concludes that a rational formula for the strength 
of gear teeth should include a factor for the arc of action and he 
embodies this conclusion and the other results of his experiments 
in the following formula: 


20 ne ea pat | t | Be 
aS f r : P 
| ma | - Cr 30° Obliauity IAddendum== | 
T 
= | ] T ] 
vhs f ———--____— ae ho 
rrr | | 
| | | | 5 
f | +5 ay = Opliaulty. Addendum>=— CI 
. | | | | | 
| | | | 
/ Im) | 
i 
| imuisiaeist | 
Cia r=13183-P. 
ore Coo cof | 307 bliauity-Addep iia od 
Fesiing 
| |_| os - i || 
8.2 = : 
£ | B | } a] 15° /Oblia' ity. Addendum =.3183 F 
| { 
ane aa ia 
410 7 
2 | 
pe 1 ] | mal 
n BEaas) 
8 zl | | = 1 
-08 : 
> Ole = 
8 LY HHH - = 
3 06 Oo 7 
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> 1 im ] 
| Boe | 
: TA el i ee el | 
04 ooo 
|_| tt] ea H L 
+02 | | — 
| e a 
0 Loe | | | | | 
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Number of Teeth 


Fic. 6.—Values of y in the Lewis formula for the strength of gear teeth. 


teeth, the overlapping part indicates that with that tooth it is occa- 
sionally necessary to add to the preliminary false load. This is the 
case only when the selected point on the number-of-teeth scale is to 
the right of the selected point on the pitch-line-velocity scale. 

The working strength of shrouded gear teeth, according to WILFRED 
Lewis (Amer. Mach., Jan. 30, 1902) is, for double shrouding to the 
full depth of the teeth, about 25 per cent. in excess of that of un- 
shrouded teeth. For very narrow faces an increased load up to 
about 50 per cent. may be used. On the other hand, for single 
shrouding, Mr. Lewis reduces the increase to to per cent. 

Many machine designers believe that gears are capable of carrying 
materially heavier loads than those determined by the Lewis formula 
—a belief that is supported by tests of gears to destruction by Pror. 
Guipo H. Marx (Trans. A. S. M. E., Vol. 34). The gears tested 
were of ro diametral pitch, which is too small a size to justify general 
deductions extending to heavy gears, although the indications of 
the experiments are clear. 

Professor Marx concludes that the Lewis formula underestimates 
the static strength of gears and overestimates the effect of an increase 
of speed. The static breaking strength as determined from the 


in which W =safe working load at pitch line, lbs., 
s=modulus of rupture =309,000 in these tests but ordi- 
narily to be taken =36,000, 

p=circular pitch, ins., 
f =width of face, ins., 

k =factor of safety, 

n=number of teeth in gear, 

v=velocity coefficient from Table 13, 

a=arc of action coefficient from Table 14. 


TABLE 13.—VELOCITY COEFFICIENTS 


Velocity at pitch line, ft. per min. | fo) 150 | 200 | 


100 300 | 400 | 500 
Cocticten (iia en nee eee ee 280ml © 750) 672 | .70 | -68 | .66 
TABLE 14.—Arc oF ACTION COEFFICIENTS 
R he are of action % = mei rie vet 
atio rflsiy ute ka hae P| ch Poy) 1.8 LO) L205 | 123100 
Coeficient, ue snr t. I || 1.05 ia LenS | La2qe ets Sae tl Ave eo) 
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A list of spur gears that failed in service has been supplied by 
Micuart LoNnGRIDGE (Proc. I. M. E., 1897). This list is repeated 
in Table 15 of which the last column has been added by the author. 
TABLE 15.—SpuUR GEARS THAT FAILED IN SERVICE 


¢ | 8 | # |eg |x 
5 o ‘ s £ | 4 
Oo ie olh e a | 3 | Bees) ae 
B | &¢ o o ae See rieetnare tlle as 
= age H 3 SB Q oh , @ Zz 
“y of Q, uel sire 3) o & 
ba so ei ccmaiaees Ss > a mes 
$4 S| (3) q a] ° it 2 g See 5 Sy re] 
o 3 A, Syrah lee rene Winns ets hl il bee nO 
abe ed See ge) weal Sade arose Te 
© i $= Z| = Ba Batre: eo eet 
ay S) Str aise Co aie i Ay 
LH.P Ft Lbs. | Ins. | Ins. | No. | Ratio | Lbs. 
700 2,280 io noe) 4.5 14 42 Yee) 160 
1,000 2,356 | 14,000] 5.4 17a ee | 3.4 153 
I,0Co Dey ho 14,200 | 520 18 43 | 3-2 | 158 
1,0c0 DyASie WatlNee)|| ity || sh | fae) 148 
1,000 2,241 14,700] 5.6 18 46 Die 146 
} | | 
| | 
I,000 2,208 | 14,950} 5.0 Wet 1 egy 3.2 | 166 
1,000 2,200 | 15,000] 5.62 18 | 46 hag 149 
1,080 23 POPES ACN Sas 164 | 43 3.0 176 
1,100 ZtOT |i E5s000) | 5.xC ic a AT 2.9 177 
I,I00 2,406 | 15,100] 5.5 18 50 Ne 153 
1,100 2,ALG,)|| 15,050)) 5.0 17 47 2 OMe ae 
1,130 2,242 | 16,600| 5.8 18 43 on 160 
I,150 2-320) LORZOGESai75 18 46 BE 158 
1,150 2,320 | 16,356] 5.75 | 18 | 47 3.0 158 
I,190 2,323 | 16,90c] 5.7 | 18 | 47 Be || ae 
| 
1,200 2,209 | 17,900] 5.0 19 | 52 2.0 189 
I,200 2,418 | 16,400] 4.75 19 | 2 BoB 182 
1,220 2,209 | 18,200) 5.0 182 | 40 3.2 195 
1,360 D225 9 10,300) Ans | ey ML Yfe |  eags 230 


Strength of Bronze, Rawhide and Cloth Gears 


The working loads of gears of bronze are less definitely known than 
those of iron or steel, but, for bronze of high quality, it is probably 
safe to impose loads one and one-half times those placed on cast-iron 
teeth of the same dimensions. 

The working capacity of rawhide gears, according to W. H. Dieren- 
porF, Chief Engineer, New Process Rawhide Co. (Amer. Mach., Apr. 
6, 1911) may be determined from the allowance of a pressure of 150 lbs. 
per in. of face for gears of 1 in. circular pitch. For other pitches 
the pressure allowance is to be taken in direct proportion, except that 
in no case should the pressure exceed 250 lbs. per in. of face. 

These figures are to be applied to gears made of the highest grade 
of rawhide only. For lower grades the unit pressure should be re- 
duced 15 per cent. or more. The figures are also intended for 
pinions having all rawhide working face. Pinions with bronze 
flanges having teeth cut through and forming part of the working 
face may be loaded with 10 to 25 per cent. greater pressures according 
to the grade of the bronze and the thickness of the flanges. 

The unit pressure is not changed with the velocity or the number of 
teeth. 

The practice of the General Electric Company with rawhide gears, 
according to A. ScuEtn (General Electric Review, A pr., 1913), is to 
apply the Lewis formula using the stresses of Table 16 with the pro- 
viso that the dimensions must pass a further test because of the 
characteristics of these pinions due to heating. This test is embodied 
in the formula: 


in which C=heating coefficient which must not exceed the values 
given in Table 17, 
W =total load at pitch diameter, lbs., 
V =velocity at pitch diameter, ft. per min. , 
N=number of teeth, 
F =width of face, ins. 


TABLE 16.—VALUES oF Factor S IN THE LEWIS FORMULA FOR 
RAWHIDE PINIONS 


Speed at pitch dia. in ft. | 200 1000 


400} 600} 800 OBA 1600|1800|2000 
per min. 
Stresses in lb. per sq. in. |3600/3300|3100|2800/2600 Dooltaee 2000|1900 1800 


TABLE 17.—Maxmum ALLOWABLE VALUES OF C FOR HEATING, 
RAWHIDE PINIONS 


Diametralpitchiseee. . I 1} 2 2} 3 3h 4 
(Ca hh Ne ahah. aor er eas 1600 | 1400 | 1200 | 1000 | 900 800 600 
Rawhide gears should have some degree of lubrication. The best 


lubricant is a mixture of graphite and lard oil or tallow—never 
mineral oil. 

The working capacity of cloth pinions, according to the General 
Electric Co., at whose works they originated, is, for most if not all 
services, equal to that of cast-iron gears of the same dimensions. 
The width of the cloth face should be equal to the face of the mating 
gear plus the aggregate end play of both shafts. The shrouds should 
never be permitted to run on the mating gear. 

The limiting peripheral speed of metallic spur gears is about 2000 ft. 
per min. Ordinary cut gears begin to be objectionably noisy at 
peripheral speeds of about 1200 ft. per min. 


Strength of Herringbone Gears 


The working capacity of herringbone gears, in accordance with the 
practice of the Falk Co., American makers of the Wuest herringbone 
gears, is given by the formulas: 


_ h.p.X 33,000 
Veen, 


P wK 
2.5 


P= 


in which /.p.= horse-power. 

P = tooth pressure, lbs. 

K= admissible stress, lbs. per sq. in. in accordance with 
Fig. 8. 

p = circular pitch, ins. 
circular pitch. 

W= total width of face, ins., including non-bearing 
width equal to r p. 

V = velocity of pitch circle, ft. per min. 


For diametral pitch take nearest 
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| 


200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 
V=Velocity. Ft. per Min. 
Fic. 8.—Values of admissible stress in herringbone gears of various 
materials. 


Table 18 and Fig. 8 have been prepared from this formula by 
J. E. Hotvecx (Mchy., June, 1913). The desirable speed limit, 
on account of noise, if the gears do not run in oil, is 500 ft. per min, 
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TABLE 18.—HorRSE-POWER OF HERRINGBONE GEARS 
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: Pitch dia., Face, 
Pitch netics | fe | Horse-power 
| Velocity 400 600 800 | r000 | 1200 | I400 | 1500 | 1600 |} 1800 | 2000 
6 DP. f Cast iron 7 10 12 14 15 17 18 19 20 21 
Ay | Cast steel 13 18 23 Dy 31 35 30 37 40 42 
5236” C.P ae sh | Cast iron 0) 13 16 18 20 22 24 25 26 28 
Cast steel Bie egan) 20.) 938.) Al 1 AG.) 9 SA aga! Maal See 
| | | 
5 D.P. | P | Cast iron 10 14 17 20 23 25 26 DB) 20 31 
| Pees \ | Cast steel To lp 27) 34 | 40) "46 1} sill ga 56 econin o10g 
6283” CP. | 63 | Cast iron 13 18 21 25 20 Bit 32 BA sO 39 
| | | Cast steel 24 34 43 50 58 64 66 69 | 74 79 
“£DP. | 63 Cast iron 16 22 27 Ba 36 40 AI 43 46 49 
5} Cast steel 20 41 53 62 71 | 80 83 86 93 99 
7854" CP. [63 Cast iron 20 27 34 39 44 50 51 53 57 or 
| Cast steel 36 51 66 77 88 99 103 107 r16 122 
33 DP. a Cast iron 21 29 36 42 47 | $2 55 57 61 65 
6 Cast steel 39 55 70 83 05 105 110 114 | 123 131 
8976” C.P. : Cast iron 26 36 45 52 58 65 68 71 76 81 
; \ | Cast steel 48 68 87 103 118 130 136 14 154 | 162 
| 
oP si Cast iron 28 30 48 55 Oy | OH | ga 75 80 84 
. lel Cast steel 51 72 o2| 118 |= T26 |) I39-" 140) Tae T6se ye 
tr osra’ CP | | con f Cast iron 36 | 50 61 70 80 | 89 90} 96]! t02 107 
\ | Cast steel 65 | 92 Ty 140 160 177 184 | 192 | 210 220 
2} DP. a Cast iron 41 57 70 80 gt IOI 106 | 1cg | 116] 122 
| oe \ | Cast steel 74 105 134 160 185 202 211 220 240 | 251 
fen axa ma Cast iron Sie) yp 87 100 114 126 132 137 145 | 152 
Cast steel 93 130 167 200 228 253 264 274 | 300} 314 
| 
DP. ager ne Cast iron 64 89 109 125 143 158 166 171 182 195 
iat Cast steel 116 164 207 250 285 316 320 342 375 392 
E708" CP. cel Cast iron 70 III 136 I54 178 1096 206 213 226 242 
| Cast steel 144 204 250 300 355 393 410 | 425 465 488 
3 DP. | “a | Cast iron 86 118 146 166 190 210 219 228 24 258 
a | | Cast steel 155 218 DT Osa 378 420 | 438 | 455 496 522 
eet CP. i aten Cast iron 106 146 180 206 234 261 MD) 282 300 320 
\ | Cast steel 192 271 345 413 470 non 545 562 610 710 
3 DP. ee { Cast iron IIo | 152 187 215 244 270 282 202 311 333 
8 (yee { Cast steel 199 | 280 358 426 488 540 564 585 640 671 
Brae” CP. Hees f Cast iron er 190 234 269 | 305 338 343 366 388 406 
| \ Cast steel 240 350 447 | 534 | 610 675 707 732 800 838 


Much higher speeds may be used satisfactorily but with correspond- 
ingly increased wear and noise. The pinion is commonly of tougher 
material than the gear, because of its greater wear, and the chart, 
Fig. 8, gives the admissible stress for various materials as developed 
by extended experience. The formulas and table are based on a 
tooth angle of 23 degrees. Note that, for the present purpose, the 
pitch is measured on the circumference—not on the normal. 


Dimensions of Spur Gear Parts 


The dimensions of the arms of spur gears may be obtained from the 
following formulas and chart. The formulas are by HENry Hess 
(Amer. Mach., Apr. 29, 1897) and represent the practice of the Niles 
Tool Works. They are based on an equal distribution of the pitch 
line load among the arms (which are assumed to act as cantilevers) 
and consider the sole load at the pitch line to be that given by the 

7 


Lewis formula for the strength of gear teeth. 


sections: 


For elliptical cross- 


for circular pitch 


-~_—+_— for diametral pitch 


P aa. 
(N=) PER 
E= Le 
V 20A 
pao [WHTER 
20A p3 


in which £ = thickness of arm at hub, ins. 


= number of teeth. 
= circular pitch, ins. 
= diametral pitch. 


= ratio of face divided by circular pitch. 


= number of arms. 


width of arm at hub, ins. 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


9q} urof £ 


HHH 


1 
y 


HO 
Nae OO © 10 


AN 
= 


e 
6D 68 
lu 
Trt 


im 
}'7 


Li-H 


Ye) 


cE 


Ano co 
aor 


HEE HH 


*siv93 Inds jo suriv oY} Jo suoTsuemMIq—'6 ‘org 


BIJOUISIG 
ite) 
oO 


i 


I 


! 


! 


ret 
| 


‘SUT 


Yo) 
T 
eae fd UN 


nN 


AR, 


mq 


ae) 


x 
| 
Ss 


44 


wht 


TIPTTT [TTT] 


N 


oD 
Pe 


ao 


oro io xi 


a 


SIX OUI] 


re 


"sul ‘osditq Fo 


N 


N 


on 


$9 Oo ws 


te 


19 

ie) 

1M 
jo 1oqunN 


0b Lor 

‘Gy c7 5" ------------+- = 

09-09 8 ae 
> ean 

09-09 et 

0L=E0L 

08 =F 08 

06 £06 

001=—00T 

OST-E 0ST 

002-002 

0932098 


008-008 


P ‘ 4 "IIe 9} JO SSouyOTG} 
94} JOf+- ‘sur TI Surars “Youd Ienoz9 ‘ur 1 ‘y}900} Lg ‘suLIe g IO} S| WaAIS UONNJos oY, “qny ay} 1¥ UONVes ULE ay} Jo sIxe JOUIUI OY} PII PUL 9[vIS [eI]UED OY} WO pUe SUOT}I9SI9}UT 


{ SIX WIM WoNsesIoyUT 9Y} JOU pUw vovy Jo Y}pIM pue youd oy} lof fy sxe YIM UoNIesSI0}UT OY} oJ0U pUe Y}90} Jo JoquINU ay} puUe sue Jo JaqumMuU oy) MOL 


Seas 

L+h1 2 

a 

99 & 
Pre & 
She MSS 

Lear) 

YV a 

n 

S—§ 


SPUR GEARS 99 


For other cross-sections: 


P3R(N— 
Z oe A v for circular pitch 
peek =) 


for diametral pitch 


in which Z= section modulus of arm at rim. 

The same results for elliptical cross-sections may be obtained from 
Fig. 9 by Pror. J. B. Peppir (Amer. Mach., Feb. 13, 1913). The 
use of the chart is explained below it. 

For large arms the designer will frequently prefer a cored section. 
A satisfactory one is that of Fig. ro, in which major and minor axes of 
both core and arm are relatively as 2 tor. By equating the moduli 


of resistance for solid and hollow elliptical sections of these propor- 
ont 


D 
solid arm as obtained by chart or formula; d and D are dimensions 
of the cored arm. See Figs. 10 and rr. 

In order to lessen the work of making the core box by substituting 
flat surfaces for curved ones, an approximation like Fig. 11 will add 
but slightly to the weight, as is shown by the ellipse dotted in for 
comparison. 

The outlines are formed of circular arcs struck from four centers, 
which approximate very closely to the true ellipse and look better. 
The construction of the core sides is readily apparent from the sketch. 

A suitable taper is 1 in 32 and 16, respectively, for the arm thick- 
ness and width; this gives a pleasing appearance for a moderately 
long arm, but it is not a hard-and-fast rule, as a greater or lesser taper 
may be employed to suit the designer’s fancy without affecting the 
strength of the arm, unless the taper is made so excessive as to bring 
the dimensions at the rim down to one-half of those at the base. 

As the tooth and arm are of the same material, the method is satis- 
factory for all cast gears, but this must not be interpreted to mean 
that this or any other formula will prevent shrinkage strain due to 
relatively large hubs or very heavy rims; where these occur, great 
care must be exercised in the foundry, and it will also not be amiss 
to add a generous amount of metal to the arms. 

Other dimensions of spur gears may be obtained from the following 
formulas by C. H. Locur (Amer. Mach., Sept. 30, 1909) the notation 
being given in connection with Fig. 12. 


: nie j0% 
tions, it is found that K?= 


, in which E£ is the thickness of the 


M eee or 1.25P 
4 

pr be or 1.60 P 

R’ pel or .g13P 
P 

W'=""3! or .6866P 
4 
-76 

R ete) or .563P 
p 

Mean cross-section of arm=1.3 X!XF 
res /mean section X 1.27 
2, 23 OF 3 


IS Ae, Coe eval 
(the same multiplier being used when finding both A and £) 
D =d+2./ WE if reinforcements are used opposite keyways. 


Otherwise 
D =2d 
The number of arms may be as follows: 


Diameter No. of arms 
WipstoGomusiem ae ee ernie ro 0 
TO WO BOD oHe lognctoooues oe 


OM CHES OMNS tment ee oe LO 


For convenience of chucking without distortion the most desirable 
number of arms is either 6 or 9. 

The width of face of spur gears according to traditional rules, 
should be from two and one-half to three times the circular pitch. 
The increased pressures put upon steel gears would, however, seem 
to call for greater widths since the increased strength of steel as 
compared with cast-iron is not accompanied by correspondingly 
increased wearing properties. Accordingly we find the gears of street 
railway cars with faces of five times the pitch. 


Taper % Inch __ 
per Foot YQ 


p=diametral pitch. 

P=circular pitch, ins. 

t =thickness of tooth at pitch line, ins. 
N=number of teeth. 


Fic. 12.—Notation of C. H. Logue’s formulas for the dimensions 
of spur gears. 


The factoring of numbers is frequently required in the calculation 
of trains of gearing. Table 20 by JoHN PARKER (Amer. Mach., Dec. 
5,1907) gives the smallest prime factors of all numbers between r and 
9999. The top horizontal line gives the thousands and hundreds, 
the left vertical column the tens and units, and the body of the table 
the smallest prime factors. To find the other factors divide by the 
factor found and consult the table again. If no factor appears 
opposite a given number, the number is prime. Numbers divisible 
by 2 and 5 are omitted. Such numbers should be divided by 2 or 5 
before consulting the table. 

Example.—Required the smallest prime factor of 979. In the 
first table find 9 in the top horizontal line and 79 in the left vertical 
column. At the intersection is 11—the smallest prime factor. 
Similarly, consulting the table again, we find no entry for 971, show- 
ing that number to be prime. 
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BEVEL 


The dimensions and angles of bevel gears may be calculated from the 
formulas of Tables 1 and 2 which have been*arranged by Joun 
Epcar (Amer. Mach., Apr. 13, 1905). The notation of the formulas 
is given in Figs. 1, 2 and 3. 


TABLE 1.—FORMULAS FOR DIMENSIONS AND ANGLES OF BEVEL 
GEARS WITH SHAFTS AT R1GHT ANGLES 


ti Pinion Gear 
Dyrametral pitChins<<csecss ces eas Y sae Re rane cee UNO aeeereca acon 
Bm Der Of FeCth. ccc cin eae cee M1 DixXP Neo D2XP 
EGH CaAIMGtE. 22.5 sac de cee de Di Ni+P Dy N2+P 
Outside diameter............... OD, Di+d OD2 | De+de 
Diameter increase!............. di BOs? dz EE 
ie PP 
N 
(OGTR RGIS CAI ae | @¢ tan d= = 6 | oo-¢d 
PNT INGE OMEN Es i.e @ wyee say sate Sars 6 tan d=— i $ Oe alle auscsreesncts 
Ha TEI Gk Sona eee See eee DESC © Sle arate | +0 
(OR EC Ve ON, a rn (or Dee Ic crs hs 0—90 
Number of teeth for which to a M1 | ” No 
| Nv | oe N a 
select cutter. | | cos ¢ sin > 
Backing increment... ..5..0.5.- | Bi | = $ Bz = $ 


1 Note that backing increment is the same as one-half the diameter increase 
of the mating gear. 
For Notation see Fig. 1. 


The dimensions and angles of bevel gears having shafts at right 
angles may, in most cases, be obtained from Table 3 by Cuas. Warts 
(The Engr., Aug. 13, 1909). 

The proportion of the gears, that is, the ratio of the number of 
teeth in the large gear divided by the number of teeth in the pinion, 
being known, the center angles are read directly from columns B. 

To find the outside diameters, add the diameter increment to the 
pitch diameters. The diameter increment is found by dividing the 
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TABLE 2.—IFORMULAS FOR DIMENSIONS AND ANGLES OF BEVEL 
GEARS witH SHAFTS Not AT RicHT ANGLES 


Pinion Gear 

Diamietralipitchyamnsaaniue aa Pe Nason vekutuettectencsn te: Pa NRF ected eters 
Ntimber of teeth) .. 3.0.0.6. Mi DixXP No D2XP 
Pitch diameter... ... 080 «0s Di Ni+P D2 N2+P 
Outside diameter........... OD1 Dit+d. OD2 Do+d2 

A a 2 2 0 
Diameter increase.......... di te d2 — 
Center angle—shafts at less ¢ een haere O 8 Ons 

than 90 deg. ww, 008 O 
Center angle—shafts at great- ¢ ee cos a4 9 O=8 

er than 90 deg. Stat ie 

N 
Antigo: Of sshatts). a qectenua he ae OP Ns cusscn aware eye eke Sep | | aeons eo Suse eo eS 
V (OF Sicha al Senin proce orc occ 
Angle increment............ |} 0 tan ga2sin? LE Ah OIG Dic 
| 

Face angled ris: sesascline sec rela reas (90° = 6) =F) |... (99° —0) +2 
Cuttine- angles merrcn sane n tee | eercevet pat Wea: 0-0 
Number of teeth for which to Nr UN, Nn Nem 

select cutter. cos ¢ cos 0 
Bastine: B sin ¢ Z sin 0 

ACKING ANCTEMEN Un we eo eislelers 1 P 2 P 


For Notation see Figs. 2 and 3. 


quantity in column F, for the large or small gear respectively, by 
the diametral pitch. 

To find the face angles add the angle increment to the center 
angles. The angle increment is found by dividing the quantity in 
column £ by the number of teeth in the large gear. 

To find the cutting angles subtract the angle decrement from the 
center angles. The angle decrement is found by dividing the quan- 
tity in column D by the number of teeth in the large gear. The 
cutting angle thus obtained gives the standard Brown and Sharpe 
depth for involute teeth. 


Fic. 3. Shafts at more than 90 Degrees 


Fics. 1 to 3.—Notation of formulas for dimensions and angles of bevel gears. 
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TABLE 3—DIMENSIONS AND ANGLES OF BeveL Grars WITH Suarts aT RIGHT ANGLES 


For notation see page 107. 


Proportion of | 7 he E D am : 
__ Wheels Large wheel =i Small wheel | | Large wheel Small wheel 
TkOns 1.414+ J 1.414+ J 80°—36/+ K 93°—20'+ K Ae 45. 
1 to 1,020 1.400+ J 1.428+ J 81°—18/+ K 94°—14/+ K 45°—34’ 44°— 26 
1 to 1.040 1.386+ J 1.442+ J 82°— of + K 95°— 9 + K 46°— 7" AZ —= 58) 
1 to £.050 1.379+ J 1.448+ J 83°—16'+ K 05° —35' + K Am 24 A330) 
1 to r.1co 1.345+ J 1.479+ J 85°— 4/+ K 07° =—39 + K 47 43" et Se 
tomer Gg 1.486+ J 85°—27'+ K 98°=— 5 + K 48° —o0’ 42°—00' 
TtOvr e125 1.328+ J 1.494+ J 85°—57'+ K 98°—39'+ K 48° — 22’ 41° — 38’ 
1 to 1.143 1.3174 J 1.505+ J 86°—31/+ K 99°—19'+ K 48° — 48’ 41°—12' 
HORE SSO 1.312+ J 1.509+ J 86°—45/+ K 99°—35' + K 48° — 50’ 4r°— 1’ 
1 to 1.166 igo J” | 1.518+ J 87°—18/+ K 100° —13/+ K 49° — 24’ 40° — 36’ 
1 to 1.180 1.293+ J 1.526+ J 87°—43'+ K 100°—41'+ K 49° — 43° 40°—17’ 
1 to 1.200 1.280+ J | 1.5357 J 88°—a1'+ K ro1°—24’+ K fey ay 39° — 48" 
1 to 1.240 1.255+ J Tes 7 89° —32/+ K 102°—46'/+ K Seta 9 38° 353, 
1 to 1.250 1.249+ J 1.561+ J 80°—47'+ K 103°— 4/+ K 51° — 20’ 38° — 40’ 
1 to 1.280 The Dees Af 1.576+ J 90°—37'+ K to4°— 1/+ K 52°—00’ 38° —00’ 
1 to 1.285 payed | 1.570+ J 90° —47'+ K 104°—12'+ K 52°— 8’ 37° — 52" 
1 to 1.300 1.219+ J 1.585+ J o1°— of + K 104° —38'’+ K 52°— 26’ Bh au! 
T tO'1.320 1.208+ J 1.594+ J 91°—30'+ K 105°—12'+ K 52°—51’ 37°— 9! 
TeLORT e333 1.200+ J 1.600+ J g1°—so/+ K 105°—35/+ K 53°— 7’ 36° — 53’ 
1 to 1.350 I.190+ J 1.607+ J 92°—24/+ K 106°— 4’/+ K 53° — 28’ 36° —32" 
1 to 1.400 1.162+ J 1.627+ J 93°—41'/+ K 107°—25'+ K 54° — 28’ 35°—32' 
1 to 1.420 I.1si+ J 1.635+ J o4°— 2/+ K 107°-—56'+ K iyi co 
1 to 1.428 1.147+ J 1.638+ J 94° —12/+ K 108°— 7/+ K 55°—00’ 35°—00' 
I to 1.440 r.141+ J 1.642+ J 94°—27'+ K 108°—25’+ K 55°—13° 34°— 47" 
1 to 1.450 1.135+ J 1.646+ J 94°—30'+ K 108° —39/+ K 55°—24" 34° — 36’ 
1 to 1.480 1.120+ J 1.657+ J 95°—16'+ K 109° — 22/+ K 55° —57. 34°— 3/ 
I to 1.500 1.109+ J | 1.664+ J 95°—41'+ K LOOMS Cem 50m TO! 23. SAEs 
1 to 1.520 1.099+ J | 1.670+ J 96°— 5/+ K 110°—16/+ K 56° — 40’ 33°—20' 
1 tO 1.550 1.084+J | 1.680+ J 96°—37'+ K 110°—54/+ K 57°—10' 32°—50' 
1 to 1.560 1.079+ J | 1.684+ J 96°—48’+ K r1°— 7+ K 57°—20' 32° —40' 
1 to 1.600 1.060+ J | 1.696+ J 97°—-31'+ K t11°—56/+ K 58°—co’ 32°—o0’ 
1 to 1.640 1.041+ J 1.706+ J 98°—11'+ K 112°—42/+ K 58° — 38’ Py 
I to 1.650 1.036+ J 1.710+ J 98°—21'+ K 112°—53/+ K 58°—47’ Bui Ti 
I to 1.666 O20) al elf oF | 98° —36/+ K 113°—11'+ K 59°— 2’ 30° — 58’ 
1 to 1.680 1T.023+ J 1.718+ J | 98°—40/+ K 113°—25'+ K 59°—14’ 30° — 46! 
1 to 1.700 r.014+J | 1.724+ J | 99°— 7/+K 113°—46'+ K 59° —32’ 30° — 28’ 
1 to 1.720 1.005+ J | 1.730+ J 99° —25/+ K 114°— 7/+K 59°—50’ 30°—I0' 
TatOMee 5 O | 992+ J | 1.736+ J 99°—50'+ K 114°—36'’+ K 60°—15’ 29°—45’ 
1 to 1.760 | 988+ J 1.739+ J 100°— o/+ K 114°—46'+ K 60° — 24’ 29° — 36/ 
1 to r.8c0 | .o71+ J | 1.748+ J 100°—31'+ K 15° —23/+ K 60° — 57’ 29°— 3/ 
1 to 1.840 9557 J | en gfsypae Jf 1o1°— 3/+ K 116°— 0o/+ K 61° — 20’ 28°— 31’ 
1 to 1.850 s05t = J || 1.7597 J 1o1°—10/+ K 116°— 8’+K 61°—37' 28° — 23’ 
1 to 1.880 940% J _ | 1.765+ J 1o1°—30/+ K 116°—32’+ K 61°— 50 28°— 1’ 
1 to 1.900 932+ J | 1.770+ J Ict°—45/+ K 116°—47'/+ K 62°—14' 27° — 46! 
I to 1.920 924+ J | 1.7744 J 102°— o/+ K 117°— 3/+ K 62° — 20/ 27°—31' 
I to 1.950 .g12+ J 1.779+ J 102°—19/+ K 117°—27'+ K 62°—51’ 27°— 9! 
I to 1.960 908+ J 1.781+J | 102°—26’+ K 117°—34/+ K 62°—58’ 27°— 2! 
I to 2.000 894+ J 1.789+ J 102°—51'+ K 118°— 3/+ K 63° — 26’ 26° — 34’ 
I to 2.040 880+ J 1.796+ J 103°—15/+ K 118°—31/+ K 63°—53’ 26°— 7’ 
1 to 2.080 866+ J r.802+ J 103°—39'+ K 118°—58/+ K 64° — 20’ 25°—40’ 
I to 2.100 | ee 1.805+ J 103°—49'/+ K I19°—10'+ K 64° — 32’ 25° — 28’ 
1 to 2.120 | 853+ J 1.809+ J 104°— o/+ K I19°—23/+ K 64°— 45’ 25°— 15! 
1 to 2.160 | 840+ J | 1.815+ J 104°—21'+ K 119°—46/+ K 65°— o/ 24°— 51’ 
1 to 2.200 | err | 1.920 Ji 104°—40'+ K 120°— 9/+ K 65° — 33’ 24°—27' 
| G | 4 ° / Pa er 
I to 2.240 | POLS aa | 1.826+ J 1o5-— o' + K 12¢°—32/+ K 65°—57’ 24°— 3° 
I to 2.250 812+ J] 1.827+ J 105°— 5/+ K 120°—37/+ K 66°— 2’ 23°— 58! 
1 to 2. 280 | ele df 1.831+ J 105°—19/+ K 129°—53/+ K 66° — 10’ oS =r 
1 to 2.300 | 797+ J 1.834+ J 105°—27/+ K 121°— 2/+ K 66° — 30’ 23° —30' 
ees Abgiietd 1.838+ J 105°—42'/+ K 121°—10/+ K 66° —48' 23° =o! 
ESAS! 07S | 1.841+ J 10s°—52/+ K | rer°—3r/+ K 67°- 7 22° — 58! 
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TABLE 3.—DIMENSIONS AND ANGLES oF BrvEL GEARS WitH Swarts at RIGHT ANGLES— (Continued) 


Proportion of Ji : | D B 
wheels Large wheel Small wheel Large wheel | Small wheel 
1 to 2.400 760+ J | 1.846+ J 106°— 0o/+ K r21°—50/+ K Oy 2g BB? = Raf 
1 to 2.440 758> J 1.850+ J 1a6°—24/+ K 122°— 8+ K 67°—43' | 22°—17' 
1 to 2.480 747+ JI 1.855+ J 106°—30/+ K 122°—26/+ K 68°— 3/ DA ig 
I to 2.500 743-5 | 1.857+-J 106°—46/+ K 122°—34'+ K 68° —12' 21°—48' 
i to 2.520 738- J | 1.859+ J 1c6°—53/+ K 122°—40' + K 68° — 21’ 21°— 30’ 
1 to 2.560 727+ I r.863—-J | 107°— y= Kk 122°—57/+ K 68° — 40! 21°—21' 
1 to 2.600 718+ J | 1.866+ J 107°—18'+ K 123°—11'+ K 68°—57’ 2 a 
1 to 2.640 708 + J 1.870+ J 107° —32/+ K 123°—25/+ K 69°—15’ 20°—45/ 
1 to 2.666 702+ J 1.872+ J 1e7°—30'+ K 123°—34/+ K 69° — 26’ 20°—34' 
1 to 2.700 694+ J 1.875+ J 107°—50/+ K 123°—47/+ K 69° —41' | 20°—10/ 
1 to 2.720 690+ J aby a ae (ana (OM Soy pot aaa @ 123°—53/+ K 69° — 40’ 20°—11" 
1 to 2.760 681+ J 1.880+ J 108°— 7/+ K 124°— 6/+ K 7o°— = 5/ 19°—55' 
1 to 2.8co0 O79 J | 1.883 J 108°—17/+ K 124°—18'+ K 70° — 21’ 19° —30' 
rto 2.840 | 664+ J | TS 00st MOS 2 ues WAL yoy Ho IK 70 = 30" 19° — 24" 
1 to 2.880 656+ J 1.889+ J | 108°—37/+ K 124°—41'+ K 70° — 51’ I9°— 0’ 
1 to 2.900 651+ J 1.891+ J | 108°—43’+ K 124°—53/+ K 70° — 50’ I9°— 1’ 
I to 3.c0o | 632+ J TCOire, 109°— 6/+ K 125°—14’/+ K 71°—34' 18°— 26/ 
1to 3.100 =| 6144 J 1.903+J | 109°—26/+ K 125°—37'+ K 72° — 7! 17°—53' 
1 to 3.200 5967 FJ | T.909+J =| 109° —45/+ K 126°— of + K 72° — 30 17° — 21! 
I to 3.333 Sree | 1.9is+ J t10°— 8/+ K 126° —25 = K 73°—18' 16°42! 
I to 3.400 | S504 se | 1.919+ J ILO —=20'= K TAS SB SI || 73° —37' 16° — 23’ 
EtOs.aso | ey (a ee r.921+ J t10o°—26/+ K | 126°—46'+ K 73°—50! 16°— 10’ 
I to 3.500 SAO ey, | 1.923+J | 110°—34'+ K 126°—55' + K 74°— 3’ 15°—57’ 
I to 3.550 | 542+ J | 1.925+ J | rro°—4i’+ K 127°— 3/+ K 74° — 16! | 15°—44' 
1 to 3.600 | 535 J | 1.927> J 110°—48’+ K 27-11 > K 74°—20/ 15°—31’ 
I to 3.631 | 531+ J 1.928+J | r10°—s52/+ K 127°—15/+ K 74°—36' 15°— 24’ 
1 to 3.684 524+ J 1.930% J | rr0°—so/+ K 127°—23/+ K 74°—40! 1s°—11' 
1 to 3.736 517+ J 1.932+ J rm1°— 5/+K 127°—30/+ K 75°— 1’ 14°— 50! 
Eto. Sa7 77 512+ J 1.934+ J r11°—10/+ K 127° —36'+ K 75°—10' 14°—50’ 
© tO 2.789 Suess Jf 1.934+ J rir°—11/+ K 127°—37'+ K 75°—13' 14-47" 
Eto 3.833 sos J 1.935+ J rir°—16/+ K | 127°—43/+ K 75° —23' 14°—37' 
1 to 3.888 406+ J 1.937+ J | r11°—22/+ K | 127°—48/+ K 75°—35' 14°— 25’ 
I to 3.944 402+ J EQOgS Re Po LTE Se 7 | 127°—53/+ K 75°— 46! 14° —14' 
1 to 4.000 485+ J | I.940+ J | 111° —33/+ K 128°— 3/+ K 75°—58’ T4°— 2! 
TALOUA SE LT, YE ace a| 1.943+J ~~ 111° —45'+ K 128°—16/+ K fo = 2a 13) 230. 
t to 4.176 406-5 | ORG a) TE Glee I T2832 K | 76° — 32’ 13°— 28’ 
1 to 4. 235 45so+ J 1.9467 J | 3z1r°—54'+ K 128°—28/+ K | 76° —43/ 13 17 
EO Ag E 452+ J ite Over Ih 1) aereg en ates Ie 128°—35/+ K 76°—57' Toes 
1 tO 4.375 446+ J 1.949+ J 112°— 6/+ K 128°—40'> K 77°— 7° 1D SER 
1 to 4.428 44o+ J 1.951+ J 112°—10'+ K 128°—45/+ K | 77° —17/ Teed 
1 to 4.500 | 434+ J 1.952+ J 112°—15/+ K r28°—51'+ K 77° — 28! 12°—32’ 
Tet fos7 1 427+ J 1.954+ J 112°—20'/+ K 128°—57/+ K 77° — 40" 12°—20/ 
I to 4.666 419+ J Poh Se | r12°—26/+ K 129°— 3/+ K 77° — 54’ 12°— 6 
1 to 4.800 408+ J DROSS ae) bt2>— it ae 129°—13'+ K 78° —14' it Ale 
I to 5.000 20250) POOLE eI 7 | VEZ Ah ia 1290°—26’+ K 78° —41’ 11°—10’ 
1 to Ra TA2 | 382+ J 1.963+ J | 112°—53/+ K 1290°—34'+ K 79°— oO’ | 11°— o/ 
Tato, Gee 30 375+ JI 1.964+ J 112°—57/+ K 129° —30'+ K 79° —11" 10° —40’ 
I to 5.385 365+ J 1.966+ J 113-— 3)+ K 129°—46’+ K 79° — 20’ 10°— 31’ 
1 to 5.461 | 360+ J TO 07 tC LG 0s Ke 20g 4 Ole. 1 = 3H ei 
L052 530 | 355+ J 1.968+ J | 113°—10'+ K 1290°—53/+ K 79° —46’ 10°—14’ 
1 to 5.666 348+ J 1.969+ J 113°—16’+ K 129°—59'+ K 79°— 50’ Io°— 1’ 
TENG! SVEN | 342+ J TGC en LG Ot ne 129°— 2/+ K 80°— 8’ | ene 
I to 5.833 | .338+ J 1.971+ J 113°—20/+ K 130°— 5/+ K 80° — 16! ae 
1 to 5.916 333+ I 1.972+ J 113°—23'+ K 13 On Ome le Som he @ = 35 
I to 6.000 | 328+ J 1.972+ J tol GeO eee 130°—12°+ K 80° — 33’ 9° — 27’ 
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The use of the table is best shown by an example: 
Gears of 60 and 30 teeth; 8 diametral pitch 
Proportion 60 to 30=2 tol 


: ; 60. .8 60, .804 
Outside dia. of large gear =pitch dia.+F= 7 + pt 8 ar 


=74+.112=7.612 ins. 


Center angle of large gear = 63> 267 
To2° 51’ 
Face angle of large gear = 63° 26’ + E= 63° 26'S 
Beal 
=03% ableee ae =63° 26/+1° 43’ 
=O5" ou 
Things ee 
Cutting angle of large gear = 63° 26’—D= 63° 26/ — aa 
Teo y, 
=63° hte 7 3) =63° 26'—1° 59’ 
== Oe 74 


The dimensions and angles of miter gears, of diametral pitch may, 
in most cases, be taken from Table 4 by Wm. G. Toumm (A mer. Mach., 
June 13, 1907). 

The profiles of the teeth of bevel gears are laid out on the developed 
backing cones as indicated in Fig. 5. The number of teeth contained 
in the circumference of the developed cone is to be calculated by 
dividing the actual number of teeth in the gear by the cosine of a. 
The number of teeth thus found is to be- used when consulting 
Grant’s odontograph, which see, for the various radii, the profile being 
drawn as for this number of teeth and as for a spur gear of pitch 
radius OA. 


Strength of Bevel Gears by Calculation 


The working loads on bevel gears may be determined from the 
formula proposed by WitrrepD Lewis (Proc. Eng. Club of Philadel- 
phia, 1892) as follows: 


d 
W= SPfy— 
v5 


in which W =pressure on teeth, lbs., 

S=fiber stress, lbs. per sq. in., this stress being dependent 
on the speed in accordance with Table to given in con- 
nection with the Lewis formula for spur gears, which 
see, 

P=circular pitch, ins., 

f=iace, ins., 

y=a factor for different numbers and forms of teeth in 
accordance with Table 12 given in connection with 
the Lewis formula for spur gears, which see. In se- 
lecting this factor for bevel gears the actual number 
of teeth is to be multiplied by the secant of one-half 
the pitch cone apex angle, the result being the equiva- 
lent number of teeth for which y is to be selected, 

d=inside pitch diameter, ins.. 

D=outside pitch diameter, ins., 

The formula presupposes that d is not less than 3D, which it should 
never be. 


Strength of Bevel Gears by Graphics 


The working loads on bevel gears may be determined by the follow- 
ing method, by Rosert A. Bruce (Amer. Mach., May 31, 1900) 
which is based on and gives the same results as the Lewis formula: 

First, find the face of a spur gear equivalent to the actual face on 
the bevel gear by the use of Fig. 6. Instructions for. use are given 
below the chart. 

Second, find the number of teeth of a spur gear equivalent to the 
actual number of the bevel gear by the use of Fig. 7, for which 
instructions for use will be found below it. 
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Fic. 5.—Profiles of bevel gear teeth. 


Third, using the equivalent face width and number of teeth, 
follow the instructions for Mr. Bruce’s chart for the strength of spur- 
gear teeth, Fig. 7 of the section on Spur Gears. 

If desired, the Lewis factor y may be found by tracing downward 
to the second curve of Fig. 7 of this section and thence horizontally 
to the value of the factor at the right, as shown. 


Selecting Bevel Gears from Stock Lists 


Commercial or listed bevel gears for shafts at right angles may 
frequently be used for shafts at other angles, especially if the re- 
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__G (Pitch Dia) 


__H (Outside Dia,)_ 
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A=Cutting angle =B—D 

B=Center angle 

C=Face angle =B+E 

D=Angle decrement 

=Angle increment 

F =Diameter increment 

G =Pitch diameter 

H=Outside diameter =G+F 

J =Diametral pitch 

K=Number of teeth in large wheel 

L=F¥rom pitch line to outside angle =4 diameter increment of 
mating wheel 

G+F=H 

Angle B+-angle E=angle C 

Angle B—angle D=angle A 

The values of Ff, H, D, B are shown in table 


Notation of Table 3. 


TABLE 4.—DIMENSIONS AND ANGLES OF MITER GEARS 


No. of | Pitch diameters : Outside diameters Face Cut 
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quired gears have a ratio of unity, and the bevel-gear ratio may 
frequently be made unity when the speed ratio is not by adding a 
pair of spurs to the train. The following explanation of this fact 
and of the method of selecting the gears from gear-maker’s lists is 
due to W. C. Conant (Amer. Mach., June 13, 1901). 

In Fig. 8, AB and CD are right-angle pairs having the same cone 
apex, pitch and tooth system. Inspection will show that B and C 
will mesh together properly. Given the shaft angle NOM and the 
ratio of B and C, the problem is to find the right-angle pairs AB and 
CD from which to select B and C. Going further, it is equally evi- 


dent from Fig. 9 that gear.A may mesh with an indefinite number of 
gears BCDE, provided that the pitch cones intersect at the common 
point O, and the gears BCDE may all be members of lright-angle 
pairs, each combination AB, AC, AD, AE giving different angles of 
AAAA 
THOAGE Th Mats 

The conditions given in practice are, two shafts intersecting at 
any angle to run at any speed ratio, to find from standard lists bevel 
gears that will meet the requirements. 

Referring to Fig. 8, let OM and ON be the center lines of two 


shafts and different speed ratios 
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shafts and let C and B be the pitch lines of any two bevel gears 
that will give the required speed ratio. Draw OP perpendicular 
to OM and dotted line from R perpendicular to OP; this latter line 
to represent the pitch line of a gear mating with B to form a right- 
angle pair. By a similar construction draw D to form a right-angle 
pair with C. It is evident from the figure that any diameter gear 


ee ee B ; 
B having a ratio with its mate A of 7 and any diameter gear C 
mas Cw 
having a ratio with its mate D of D will run correctly together pro- 
_ B 
vided ratio C 


B ; ‘ 
Gah gears B and C being identical. 


is a constant, the most favorable case being that when 


To solve the problem, it is 
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A A 
dnd Oe sin ROP cos MOR 
B A 
therefore sin MOR cos MOR 
A_cos MOR 
a B sin MOR 
A 
Let B =r 
cos MOR 
when t= = MOR (c) 
In the same manner it can be shown that 
D yu NOR (d) 
G sin NOR 


Exam ple.—Required a pair of gears to connect two shafts at an 


Breath of Face of Equivalent Spur Wheel, Ins. 
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Values of = Breadth of Face of Bevel Wheel Divided by Length. of Slant Side of Pitch Cone 


45 50 


Divide the width of face by the length of slant height of pitch cone, the result being 7; find the value of 7 on the base line, trace vertically 
to the curve, horizontally to the diagonal for the actual face width and vertically to the top where read the equivalent face width. The ex- 
ample is for y=. 25 and actual face width =5 ins., the equivalent face width being 3.85 ins. 


Fic. 6.—The face of bevel gears reduced to the equivalent face of spur gears. 


only necessary to find the ratios i and D and select the proper 
member from each pair. We have, 
Angle MON =angle MOR-+angle NOR (a) 
: B C. 
Since OR= sin MOR and OR ma 
theref eee eae 
ererore ‘sin MOR sin NOR 
or, sin NOR= sin MOR 
Let =R 
when sin VOR=R sin MOR (b) 


From a table of natural sines select such values for the angles 
MOR and NOR that their sum is MON and that sin NOR is R times 
sin MOR, thus satisfying equations (a) and (b). If the gears are 
to be equal, R becomes x and the angles MOR and NOR are equal. 


We have next to find the values of and of 2 
, B 
Since OV = sin MOR 


Cr ie 
angle of 60 deg., the speed ratio B =R=1, giving at once MWOR= 


NOR=30 deg. Substituting the sine and cosine of 30 deg. in (c) 
or (d) we have: 


and we have only to find a pair of right-angle gears of the required — 
strength having this ratio; for example, gears having 24 and 42 teeth | 
give a ratio of 1.75, which is sufficiently accurate for the class of work _ 
for which cast gears are used. Of these we may obviously use either — 


the pinion or the gear. 


: : , G 
If the required gears are to havea different ratio, or say ie R= =: 


we find by inspection of a table of natural sines angles to satisfy | 


equations (a) and (b). Thus we find that 
Sin 41°(=.656) =2 sin 19°=(2X.326) nearly, and that 41°+10° 
=60°, which is to say that angle NOR=41° and angle MOR=10°. 
Substituting the values of the sines and cosinesin (c) and (d) we get 


and r= 
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From a catalogue list we now select the pinion of a pair of right-angle 
gears having a ratio of 2.9 and we will suppose that a pair found 
having 17 and 50 teeth answer the requirements of strength. 

Since the speed ratio of the shafts is to be 2, the gear to run with 
‘the 17-tooth pinion must have 17 X 2 = 34 teeth and it must come from 


Equivalent Number of Spur Teeth 
0 10 20 30 40 50 60 70 80 90 100 


: t 
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CY Ty is 


t 
| 
Value of Lewis Variable 


-110 


a 115 


0 GOT bs me 20 Mereb mnnSO yen S5°" 40°99) 45° 50° 
Half Angle of Pitch Cone in Degrees 

Find the half angie of the pitch cone on the base line; trace 
vertically to the curve of secants, horizontally to the diagonal 
for the actual number of teeth, and vertically to the equivalent 
number of spur teeth at the top. The example is for half cone 
angle = 31} deg. and actual number of teeth=34, the equivalent 
number of teeth being 4o. 


Fic. 7—The number of teeth of bevel gears reduced to the equiva- 


lent number of teeth of spur gears. 


a pair in which it mates with a gear having 34X1.15=39 teeth. 
Therefore the 17-tooth pinion selected from the first pair and the 
34-tooth pinion from the second are the gears required. 

In order to determine whether the pinion or gear of a given pair 
is to be used, observe the following rule: 
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When the angle MOR is less than 45 dcg., use the pinion of the pair 
B-A, and conversely when the angle MOR is greater than 45 deg., 
use the gear of the pair B-A. As a corollary it follows that the 
same rule applies to the pair D-C, using the angle NOR as the 
critical angle. 

As Fig. 8 is drawn with angle MON less than 90 deg., Fig. 10 is 
drawn toshow angle MON greater than aright angle. It will be ob- 


Fic, 10. 


Fics. 8 to 10.—Stock bevel gears for shafts at any angle. 


served that the obtuse angle uses larger gears than the acute angle, 
of which advantage may be taken in cases where strength is needed 
and consequently large gears required. 

While it will generally be possible to find a pair containing one of 
the required gears, it will usually be found more difficult to find a 
pair from which the mating gear can be selected. That is to say, 
having found the 17-tooth pinion, it will be difficult to find a 34- 
tooth pinion belonging to a pair having a ratio of 1.15 with the same 
pitch and face. There is also the danger that the teeth of the two 
pairs from which the mating gears are selected may have been de- 
signed for different systems and that therefore the mating gears will 
not run well together. For these reasons it is better to use two gears 
of the same size and make the required speed change at some other 
point. At the worst, if only a single stock gear is used, that much 
pattern work will be saved. 


FRICTION GEARS 


The working loads on friction. gearing formed the subject of a 
series of experiments by Pror. W. F. M. Goss (Trans. A. S. 
M. E., Vol. 29). Various materials were tested for both the fibrous 
and the metal wheels. The materials of the fibrous wheels were 
straw fiber, straw fiber with belt dressing, leather fiber, leather, 
leather-faced iron, sulphite fiber, and tarred fiber. 

The straw-fiber wheels were worked out of blocks built up of 
square sheets of straw board laid one upon another with a suitable 
cementing material between them and compacted under heavy hy- 
draulic pressure. In the finished wheel the sheets appear as disks, 
the edges of which form the face of the wheel. 

The wheel of straw fiber with belt dressing was similar to that of 
straw fiber, except that the individual sheets of straw board from 
which it was made had been treated, prior to their being converted 
into a block, with a belt dressing, the composition of which is 
unknown. 

The leather-fiber wheel was made up of cemented layers of board, 
as were those already described; but in this case the board, instead 
of being of straw fiber, was composed of ground sole-leather cuttings, 
imported flax and a small percentage of wood pulp. The material 
is very dense and heavy. 

The leather wheel was composed of layers or disks of sole leather. 

The leather-faced iron wheel consisted of an iron wheel having a 
leather strip cemented to its face. After less than 300 revolutions 
the bond holding the leather face failed and the leather separated 
itself from the metal of the wheel. This wheel proved entirely in- 
capable of transmitting power and no tests of it are recorded. 

The wheel of sulphite fiber was made up of sheets of board com- 
posed of wood pulp. The sulphite board is said to have been made 
on a steam-drying continuous-process machine in the same way as 
is the straw board. 

The tarred-fiber wheel was made up of board composed principally 
of tarred rope stock, imported French flax and a small percentage 
of ground sole-leather cuttings. 

Each of the fibrous driving wheels was tested in combination 
with driven wheels of the following materials: Iron, aluminum, 
type metal. 

Regarding the metallic wheels the conclusions are that those driv- 
ing wheels which are the more dense work more efficiently with the 
iron follower than with either the aluminum or type-metal followers; 
but in the case of the softer and less dense driving wheels, and espe- 
cially in the case of those in which an oily substance is incorporated, 
driven wheels of aluminum and type metal are superior to those of 
iron. Finely powdered metal which is given off from the surface 
of the softer metal wheels seems to account for this effect, and the 
character of the driving wheels is perhaps the only factor necessary 
to determine whether its presence will be beneficial or detrimental. 
Finally, with reference to the use of soft-metal driven wheels, it 
should be noted that no combination of such wheels with a fibrous 
driver appears to have given high frictional results. Except when 
used under very light pressures, the wear of the type metal was 
too rapid to make a wheel of its material serviceable in practice. 

Regarding the fibrous wheels the conclusions are that the addi- 
tion of belt dressing to the composition of a straw-fiber wheel is 
fatal to its frictional qualities. The highest frictional qualities are 
possessed by the sulphite-fiber wheel which, on the other hand, is 
the weakest of all wheels tested. The leather fiber and tarred fiber 
are exceptionally strong; and the former possesses frictional qualities 
of a superior order. The plain straw fiber, which in a commercial 


sense is the most available of all materials dealt with, when worked 
upon an iron follower possesses frictional qualities which are far 
superior to leather, and strength which is second only to the leather 
fiber and the tarred fiber. f 

A review of the data discloses the fact that several of the friction 
wheels tested developed a coefficient of friction which in some cases 
exceeded .5. That is, such wheels rolling in contact have trans- 
mitted from driver to driven wheels a tangential force equal to 50 
per cent. of the force maintaining their contact. These wheels, 
also, were successfully worked under pressures of contact approach- 
ing 500 lbs. perin. in width. Employing these facts as a basis 
from which to calculate power, it can readily be shown that a fric- 
tion wheel a foot in diameter, if run at roo r.p.m., can be made to 
deliver in excess of 25 h.p. for each inch in width. It is certainly 
true that any of the wheels tested may be employed to transmit 
for a limited time an amount of power which, when gaged by ordinary 
measures, seems to be enormously high; but obviously, performance 
under limiting conditions should not be made the basis from which 
to determine the commercial capacity of such devices. In view of 
this fact, it is important that there be drawn from the data such 
general conclusions with reference to pressures of contact and fric- 
tional qualities as will constitute a safe guide to practice. 

The recommended contact pressures, which are one-fifth of the 
ultimate resistance established by tests under destructive pressures, 
are given in Table r. 


TABLE 1.—WORKING CONTACT PRESSURES PER INCH OF FACE 
Pressure, lbs. 


Straw, tiber scm «eet abe ae ae 150 
Leathen fibers \octasone ofc oie 240 
Larred) fiberstescestae ce aor ee eee: 240 
Sulphitestibertss wari et mee ae eee 140 
TGA ther od ccsretta-wors-chent, ocak sod naes Lap ae eA 150 


The recommended values of the coefficient of friction, which are 
60 per cent. of the laboratory results, are given in Table 2. 


TABLE 2.—WORKING VALUES OF THE COEFFICIENT OF FRICTION 


Coefficient 

of friction 
Straw tibenandhro nips ee ee 5 AIS 
Straw fiber and aluminum............. 3278 
Straw fiber and type metal............ . 186 
eatherfiberiand)itonle essere eee . 309 
Leather fiber and aluminum ........... .207 
Leather fiber and type metal .......... . 183 
Rarrediibersandeko nie ay. ree .150 
‘Tarredifiberand aluminum san eee . 183 
Tarred fiber and type metal............ .165 
Sulphitetfiber:andaronse eee eee 330 
Sulphite fiber and aluminum........... 318 
Sulphite fiber and type metal.......... 309 


Ikeather andtironi-e essere nee SBS 
Weatherand alimintmn) eer eee 210 
Meatherand type metallia eee . 246 
The recommended formulas for the working loads in h.p. are 

given in Table 3 

in which d=diameter of friction wheel, ins., 
W =width of face, ins., 
N=r. p. m. 
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. FRICTION GEARS ibital 


Face Width, Ins, 
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Speed, Revolutions per Minute 


To find peripheral speed, locate the intersection of the vertical line representing the given speed in r.p.m., with the diagonal 
one representing the given diameter. The horizontal line passing through this point will give the surface hoe in ft. per min. on 
the vertical scale to the right of the chart. 

To find the horse power for a given wheel, locate the intersection of the vertical line representing the given speed in r.p.m. 
with the diagonal line representing the given diameter. Follow the horizontal line passing through this point to the right or left 
until the intersection between it and the vertical line representing the given width, as shown on the scale at the top of the chart, 
is reached. The diagonal line passing through this point marked Total Horse Power will represent the required horse power. 

To find the face width of a given wheel necessary to transmit a given horse power, the speed being known, locate the inter- 
section of the vertical line representing the given speed in r p.m. with the diagonal line representing the given diameter. Follow 
the horizontal line passing through this point to the right or left until the intersection between it and the diagonal line representing 
the required horse power is reached. The vertical line passing through this point will give the width of face in ins. on the scale at 
the top of the chart. 

For other material than straw fiber and iron, multiply the horse power by the following factors: 


Sulphite fiber andiron.......... L235 eathemanduronerreer erie: 53 
Leather fiber andiron........... 1.07 Marred fiberanduroni...) seek 97 


Fic. 1.—Dimensions of friction wheels of straw fiber and iron. 
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All usual problems connected with the dimensions and power 
capacity of friction wheels may be solved by the use of Fig. 1, with 
which the necessary explanations are given. 
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TABLE 3.—FORMULAS FOR WoRKING LOADS 


Sitaw fiber‘and iron ...... 6+. 
Straw fiber and aluminum..... 
Straw fiber and type metal..... 
Leather fiber and iron......... 
Leather fiber and aluminum... . 
Leather fiber and type metal... 


Tarred fiber and iron 


Tarred fiber and aluminum .... 
Tarred fiber and type metal.... 
Sulphite fiber and iron ........ 
Sulphite fiber and aluminum ... 
Sulphite fiber and type metal... 


Leather and iron.... 


Leather and aluminum ........ 
Leather and type metal........ 


sents the formula for straw fiber and iron: 


h.p.=.0003 dWN 


Horse-power 
.00030 dWN 
.00033 dWN 
.00022 dWN 
.00059 dWN 
.00057 dWN 
.00035 dWN 
.000290 dWN 
.00035 dWN 
.00031 dWN 
.00037 dWN 
.00035 dWN 
.00034 dWN 
00016 dWN 
.00026 dWN 
.00029 dWN 


The chart repre- 


In the application of friction gearing, the fibrous wheel must 
always be the driver; the rolling surfaces should be kept clean or, 
if this is impossible, the wheels should be increased in size to provide 
for a lower coefficient of friction due to the presence of dirt; and the 
pressure should be by positive, inflexible mechanism—springs are 
not admissable. 

The formulas and chart are equally applicable to face friction 
gearing, with the proviso that it is advisable to make the width of 
face of the driver and the distance between the driver and the 
center of the follower such that the variation in the velocity of the 
two edges of the driver shall not exceed 4 per cent., This may be 
secured by making the minimum distance between the driver and 
the center of the follower twelve times the width of the face of 
the driver. If this distance is made smaller, as it frequently must 
be, the gearing will work successfully but its power capacity will 
be decreased because of the fact that the coefficient of friction dimin- 
ishes if the slip exceeds 4 per cent. 

In making friction wheels, one 3-inch bolt should be provided for 
every 20 sq. in. of disk. 

Bevel friction wheels, unless supported at the outer angle, give 
trouble by failure under the pressure at that point. E.R. PLAISTED 
(Amer. Mach., Sept. 18, 1902) states that a disk of soft wood about 


_{ in. thick as a backing for the paper at that point obviates the 


difficulty. 


WORM 


For the distinction between lead and pitch, see Lead and Pitch, 

The thread profile of worms is most commonly made to the Brown 
and Sharpe standard which is a direct outgrowth of their gear-tooth 
standard, the section of a worm and wheel through the axis of the 
worm being the same as that of a rack and gear in mesh. When 
this standard is used the following formulas (from the Brown & 
Sharpe Mfg. Co’s. Formulas in Gearing) apply, reference being made 
toFig. 1. 

Table 6 of spur-tooth parts by circular pitch (page 90) contains, in 
the 2d, 9th and roth columns, a list of worm-tooth parts. 


FORMULAS FOR BROWN AND SHARPE STANDARD WorM GEARING 


L=lead of worm. 

N=number of teeth in gear. 
m=turns per inch of worm. 
d=diameter of worm. 
d’=pitch diameter of worm. 

d’’=diameter of hob. 

D=throat diameter. 

D’=pitch diameter of worm wheel. 
B=blank diameter (to sharp corners). 
C=distance between centers. 
p=diametral pitch. 

P=circular pitch for worm wheels or axial pitch for worms. 


See Fig. 1. 


s=addendum. 
t=thickness of tooth at pitch line. 
?”=normal thickness of tooth. 
f=clearance at bottom of tooth. 
D” =working depth of tooth. 
D” + f=whole depth of tooth. 
b=pitch circumference of worm. 
v=width of worm thread tool at end. 
w=width of worm thread at top and width of hob tool at 
end. 
d=angle of tooth of worm wheel with its axis, or the angle 
of thread of worm with a line at right angles to its axis. 
If the lead is for single, double, triple, etc., thread, then 
i ae Pe CLG: 
In multiple-threaded worms and their mating wheels, if the angle 
6 is more than 15° the tooth parts should be figured on the normal 
as for spiral gears. In using the formulas for spiral gears, it should 
be borne in mind that while P is the axial pitch for worms it is the 
circular pitch for spiral gears. 


so 


ut 


~ 


a&=60° to 90° 


hes 
NE Ny, 
D'= mer 
N 
=—- = 25 
p = 
=m (d—2s)=7 d’ 
A L f{ Practical only when width of wheel on wheel-pitch 
an ; 


= 5 \ circle is not more than 3 pitch diameter of worm. 
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=f cos 0 
d 

7 =——25 
7) 


fr! =r Df 
D'+d D’'+d' 
C= SS 


2 2 


A measurement of sketch is 
generally sufficient. 


a 


} 


B=D+2 (v-¥ cos 


d’=d+ 2f 
v=.31 P 
We 335 .F 


Fic. 1.—Notation of formulas for worm gearing. 


The profiles of worm teeth being the same as those of rack teeth, 
the same interference takes place if the wheel has less than 30 teeth. 
If the wheel be finished with a hob, the interference will be overcome 
but at the expense of undercut teeth. Both interference and under- 
cut may be prevented by increasing the throat diameter of the wheel, 
making the diameter in accordance with the formula: 


alk 
D=cos? 143 pts 


The increase of throat diameter increases also the center distance, 

the amount of increase being shown by comparing this value of D 

with the one previously given. To keep the original center distance, 
113 
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the outside diameter of the worm must be reduced by the amount 
the throat diameter of the wheel is increased. 

The pitch diameters of circular-pitch worms, Brown and Sharpe 
standard, may be obtained from Table 1. For larger or smaller 
worms than those given, add or subtract the required number of 
inches thus: 

Given a worm 4#% ins. outside diameter, +{-in. pitch. From 
the table 12 ins. outside diameter, }§ pitch=1.375 ins. pitch 
diameter. Therefore, 422 ins. outside diameter, #4-in. pitch= 
1.375 +3=4.375 ins. pitch diameter. Given a worm {-in. outside 
diameter, 35 pitch. From the table 13 ins. outside diameter, 
35 in. pitch=1.676 pitch diameter. Therefore { in. outside diam- 
eter, zs ins. pitch must=1.676—1=.676 in. pitch diameter. 


Cutting Diametral Pitch Worms 
The cutting of diametral pitch worms requires the introduction in 
the change gear train of the lathe of gears having to one another 


22, 
the ratio of z, for which, for ordinary purposes, the value oy. is a 


sufficiently close approximation. It gives rise to an error of less 
than half a thousandth per inch of length of the worm. The 
formula is: 


22x threads per in. of lead screw 
7 X diametral pitch 


teeth in screw gear 
teeth in stud gear 


Table 2, by E. J. Rantscu (Ame?. Mach., April 11, 1907) gives the 
ratio of the gears for ordinary cases on the above basis together 
with other dimensions of worms of 14} deg. obliquity. The numer- 
ators of the fractions represent the screw gear and the denomi- 
nators the stud gear. When necessary, both numerator and denomi- 
nator are to be multiplied by a (the same) number to give actual 
gears. If gears to satisfy the ratio #4 are not at hand, less accurate 
ratios are often sufficient, useful ratios in the order of accuracy 
being as follows: 


22 
SS 21D 
7 3-1429 
69 
32 7 31364 
ae 
15 3-1333 

Oe ie 6 . ° 
If the ratio f is considered not sufficiently accurate the ratio = 


is adequate to any possible requirement, its decimal value being 
3-1415929. The relations of circular and normal pitches are given 
in Table 3. 
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TABLE 2.—CHANGE GEARS FOR DIAMETRAL PircH Worms 


Diame- ; Width | Width Pitch of lead screw 
tral Piet of tool jof top of} 
pitch ee point | thread |2| 3 | 4} 5 | 6 | 7 | 8 | 10 
2 1.078 in.| .487in.| .526 in.|4?] #2 | 44) 52 | $8 | 47 | $8 4p) 
23 . 862 -399 42 [88/492] 8) 4A | Feiat Saree | Bere Aaiee 
3 719 325 359 (eR 4F | Be ae] SA | ae ea 
32 616 .278 300 |EG/LAPA EH 22° Ae Ap. |S Sle 
4 540 | 243 | .263 Prt ta | AP ates] Ae | Aa | Sr |r 
5 431 -T95 5210 REL GE| B81 AP eat ae ve te 
6 | 1360. | 1x62 | ix7s eRe SE] OR 1A / kL aE ae 
f 308 | .1390 | «E50. [512923 2o ele [eo ae 
B | lazo | 122 | csr LSE AAI GE de Ae | 
9 +240 108 tmz |8$/ 32 | 83 es"! St | 7 Peal ee” 
10 216 | .097 | .t05 |38/ $8) 35) 27 | $5) "5 | 58 |e 
ak .196 088 .096 4 4 % 4,0 i? if 18 ay fd 
12 .180 O81 .088 = |SE/ 44] $¢ | 23 [44] Jet | ot | Bt 
14 154 .069 075 [#3] 28145 | 8) 43 | 37 | 25 Pee 
16 +135 -061 066 |33| $8143 | #8 | 33] $6 | 4+ | 88 
18 120 | .054 | .058 [83/34/89] 84/34 | At | 8 ee 
20 108 | .048 | .053 [55] 781 35/12/38 | TO] 38 | A 
24 . 090 040 044 [3] 22/34] 32 | 25 | 44 | 37 | 22 
28 077 034 .038 45/83 | 23] 88/45/44] 75/39 
32 067 +030 033 4 Pr2| 3b |Pre| 88 [cars| 14 | 3s 
40 »054 .024 026 45 \f85| 3 | 28 | $3 |rzo| 34 | 2 
48 .O45 Q.20 22 Aalttel 5 lae'al se Irs’! $41 32 


Durability and Efficiency of Worm Gearing 


The durability of worm gearing is largely dependent on the angle 
of the helix with the tangent to the pitch line. In order that a 
worm gear may be durable, the helix angle should be large—that is, 
the worm should be a steep pitch screw. ‘This fact is established 
by theory, by experiment and by experience. The unfortunate 
experience that many have had with worm gearing is due to bad 
design and not to any inherent defect of the construction. 

An analysis of the worm-gear problem with examples collected 
from practice by the author (Amer. Mach., Jan. 13, 20, 1898, repub- 
lished as No. 116 of Van Nostrand’s Science Series) is the source of 
much that follows. 

The reason why an increase of pitch, other things being equal, or, 
in other words, an increase of the angle of the thread, gives in- 
creased efficiency reduced wear and longer life, will be understood 


TABLE I.—PITCH DIAMETERS FOR CrrcuLar PitcH Worms 


liom, @utinele Pitch in inches 
diameter Pee oie ws hol eee eae r | 4 1 ub 

RES Pitch diameters 

I 8408 8011 7613 AWE 6817 6419 .6021 - 5623 5225 4827 4430 - 4032 3634 . 2838 2042 -O451 
T's 903 | 864 824 .784 744 704 665 .625 585 -545 505 - 466 426 346 207 .108 
ze 966 | 926 886 . 846 807 767 HOT 687 647 -608 568 528 . 488 - 409 329 .170 
Ir6 1.028 989 -949 -909 . 869 8290 -790 -750 710 670 -630 -591 J seye! 471 -392 +233 
1} I. O01 I.051 I.O1I -971 932 | 802 852 812 TI SS -693 653 613 534 -454 . 2905 

| 
i} | 
Ye | 1.153 I.114 1.074 | 1.034 994 954 915 875 835 795 755 -716 676 596 517 -358 
ap LAIR OY I.176 | 1-136) | 11096 1.057 1.017 O77 937 .807 858 818 -778 738 659 579 420 
13 T2175. ml), Lit 230 aah Ty. LOO I.159 in LLO I.079 | 1.040 | 1.000 960 920 880 841 801 WPS -642 483 
1 I.341 EesOr | Ta20 5 wallet 220 | I.182 Te tA2! || le LOLS tT AOO2 alm eco 22 .983 -943 -903 863 784 704 545 
Ire I.403 1.364 | 1.324 | 1.284 | 1.244 D204 Sie0O5 | eial25 et nOS5.1| hO4s olenOos .966 926 846 Og, -608 
| | 

te 1.466 1.426 | 1.386 | TS40 1.307 D207 ete 227s re tS etna r.108 | 1.068 | 1.028 -988 909 829 -670 
Ite 1.528 I.489 I.449 I.409 1.369 D329) | E200) F250) 210M test O| tes Ole OO me man OnaE O71 . 892 avi 
3 e 

a pigore |) aradspsat | EEL Ebay gfe I.432 1392) Pa s52 9) ek. S12 hae 7251 2635 | ekOS: at So eam ou enero” 954 795 
13 c 

ay I = ie oe | 1.574 1.534 1.494 1.454 | T.415 | 1.375 | 1.335 | 1.205 | 1.255 | 1.216 | 1.176 | 1.006 | 1.017 858 
B Boy ft | I.67 | 1.636 1.5096 1.557 Eee E 7 Dea a 1.437 1.397 iS) 1.318 1.278 i238 550) 1.079 -920 
118 Baer eres | 1.739 1.699 | 2650 1.619 L579) |r 540) |) Me SOOM Ie 4OO) |e be AZOm) Eas sO I.341 t.301 |) 07225 I.142 983 
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TABLE 3.—RELATION OF CIRCULAR AND Norma Pircnes or Worm WHEELS 
By Wm. HauGuton (Amer. Mach., June 1, 1911) 
Pitch diameter of Number of threads 
AE ¢ normal pitch Ye normal pitch $ normal pitch Ys normal pitch 4 normal pitch 
nS I 2 3 4 I 20 3a I 2 3 4 I 2 3 4 I 2 3 4 
I 25075|.2530 |.2572 |. 2623) .3143 |.3185 |.3262|.3363|.3777 |.3854|.3083|.4155|.4419|.4540|.4740|.500 |.5063].5246].5530|.5928 
14 2506 |.2525 |.2556 |.2508] .3137 |.3174 |.3235|.3315|.3770 +3834] .3935].4073].4400].4500). 4683). 4881]. 5050].5196).5431|.5743 
13 25055|.2520 |. 2545 |. 2580) .3136 |.3164 |.3213].3270|.3767 |.3817|.30907|.40r2|.4402|.4484|.4613].4780|.5040].5160|.5352|.56r1 
13 25042).2517 |.2537 |.2566| .31334).31572).3197|.3251|.3764 |.3805].3875|.3966|.4397|.4464|.4571|.4724|.5033].5132|.5203|.5500 
ites 25037|.2515 |.253I |.2555) .31318).3152 |.3184].3233|.3761 |.3797].3856|.3935|.4396|.4440|. 4540]. 4666|.5028].5111|.5247|.5431 
1% 2503 |.2512 |.2527 |.2547|.313I |.3148 |.3176|.3217|.3760 |.3791|.3840|.30¢8|.4391|.4438].4510|.4625|.5024].5004|.5211|.5370 
I} 25025/. 25103}. 25236]. 2541| .313C3].3145 |.3170|.3205|.37586|.3785|.3828|.3887|.4380|.4429]. 4498] .4591|.5020|.5082|.5183|.5322 
I} A509) 2509 - 2520 |. 2535) .31208|.3142 |.3165|].3194|.3758 |.3780|.3818]. 3860] .4387|.4424|.4482|.4564|.5018|.5071|.5160].5280 
2 25017|.2508 |.2517 2531) 3129 |.3140 |.3150|.3185|.3756 |.3776|.3800|.3855].4385|.4417|.4469|.4541|.5016|.5062|.5140|.5247 
23 25017|.2507 |.2515 |.2528).3128 |.3138 |.3155|.3179|.3756 |.3773].3802|.3842].4384|.4412|.4459|.4523].5014|.5055|.5125|.5220 
a} 25015/.2506 |.2514 |.2524|.3128 |.3136 |.3152).3172|.3755 |.3771|.3796|.3833|.4383|.4400].4440|.4507 .50I2|.5048|.5111|.5196 
23 25014). 25057). 2512 |. 2522) .3127 |.3136 |.3150|.3168|.3754 |.3768|.3792|.3825).4382|.4405|.4442]. 4493]. 5011).5045|.5000|.5176 
2} + 25012 . 2505 »251L |.2520| .3127 |.3135 |.3147|.3164|.3754 |.3767|.3788|.3817|.4382].4402|].4435 -4482).5010).5040|.5090|.5160 
23 2501 |.25047).25102|.2518|.3127 |.3134 |.3144].3161].3753 |.3765|.3784|.3811|.4381].4399|.4430|.4473).5000|.5037|.5081|.5144 
2} |» 250L |. 25042).2509 |. 2516) .3127 |.3133 |.3143).3157|.3753 |.3764|.3781|.3805).4380).4398).4425). 4464). 5008|.5033).5074).5131 
| 
25 25007) . 25037). 25085). 2514! .3126 |.3132 |.3142|.3155].3753 |.3762|.3779].3801|.4379|.4395|.4420].4456|.5008).5030).5068|. 5121 
3 25007). 25035|.2507 |.2514).3126 |: 3132 |.3139].3152].3753 |.3762|.3776).3796].4379|.4393|.4417|.4449|.5007|.5028].5063]. 5111 
3t 25007 .2503 |.2506 |. 2512) .3126 |.3130 |.3138|.3148|.3752 |.3760).3772|.3790|.4379|.4391|.4411|.4439|.5006|.5024|.5054].5005 
33 25007|.2502 |.2506 |. 2510] .3126 |.3130 |.3136|.3145|.3751 |.3758].3760|.3785 - 4378] .4380].4405|.4430).5005|.5020].5046]. 5081 
3¢ 25005|.2502 |.2505 |.2500|.3120 |.3120 |.3135|.3142|.3751 |.3757|.3767|.3780].4378|.4387|.4401|.4423].5004|.5018).5040].5072 
| | 
4 25005|.2502 |. 2504 |. 2508) .3126 |.3120 |.3133).3140].3751 |.3757].3765|-3776|.4377| .4385!.4399|. 4417]. 5004]. 5016]. 5036). 5063 
Pitch diameter of Number of threads 
worm tes $ normal pitch } normal pitch }% normal pitch J in. normal pitch 
ins. I 2 3 4 I 2 3 4 I ae eS 4 I 2 3 4 
I .6371 .6727 7278 7088 7710 «8310 | .0224 |g .037 9083 |I.oorL Tt. 1405) &.3 50 |) (P0490) |} 1.585 1.382 I.619 
1} | .6346 | .6629 | .7079 7658 7667 8147 . 8801 9836 9014 9764 | 1.089 | 1.231 | £.0303] 1.1488] 1.3115] 1.5096 
a -6328 | .6558 .6025 7398 7635 . 8028 - 8642 -9443 8065 9579 TOS 24a: 27 £O\ £032 4) iorLes| PaeyS. i teary 
12 6315 .6507 6816 7229 7611 - 7939 - 8456 QI3I 8027 -9440 | 1.0238] 1.113 I.0263| I.IO0IQ| I.2175| 1.3630 
13 6305 | .6465 .6725 7078 7594 | .7870 | .8310 8892 8001 0333 I.0148] 1.0903] 1.0233] 1.0863] 1.1855| 1.3115 
1g -6206 | .6435 | .6658 6959 7581 | .7815 | .8105 8698 8879 9249 .9839| 1.0608) r.0188] 1.0739] 1.1597] 1.2705 
1? 62890 -6410 - 6603 6866 7571 up ziyke} . 8102 8542 8850 9182 .9695| 1.0373) I.0164| ©.0641) I.1390| 1.2371 
1% .6286 -63890 -6559 67890 7561 -7739 | .8028 8417 8845 9128 -9579| 1.0176) 1.0142] 1,0560) 1.1223) 1.2087 
2 -6280 | .6372 6522 6727 7553 7710. || 27966 83090 8835 9083 -9484| I.OII4] I.0125| 1.0494] I.1079| 1.1855 
2: 6277 | .6358 | .6492 6673 7546 | .7687 -7914 8222 8825 9046 9401 9879| I.0112| 1.0440] 1.0963} 1.1569 
2i 6274 | .6348 6466 6629 7542 . 7668 . 7870 8147 8816 QOIS - 9333 9763) I.010 | 1.0392 1. 0863) 1.1489 
2% -6272 | .6336 | .6444 6501 7537 | .7649 | .7833 8083 8809 80987 -9277 9665] 1.009 | 1.0354] 1.0778| 1.1334 
24 .6270 .6328 -6425 6559 Tite . 7634 . 7802 8028 8803 8063 .9226 9578| 1.008 | 1.0318] 1.0704] 1.120 
é .6267 .632I | .6409 6533 7531 . 7623 Sofie) 7981 8799 8045 .9182 9504) 1.007 I.0289) 1.064 PobLr 
2} -6266 -6315 | .6394 6506 7528 wfOT2 -7750 7939 8794 8928 9145 -9440| I.006 | £.0263} 1.0586] 1.102 
2} 6265 | .6300 | .6385 6484 4536 | .7602" |) «7720 7901 8701 8012 -OERE 9386] 1.006 | 1.024 | 1.537 | 1.0036 
3 6265 | .Gg0s | 26372 6406 | 27524)". 7593 || «7710 7870 8788 8805 9081] .9333) I.0057| 1.0222] 1.0494! 1.0863 
3} 6261 .6206 -6354 -6435 7520 | .7579 .7679 7816 8782 8878 9034 9249| 1.0048] I.0190| 1.0422] 1.074 
33 .6260 | .6289 | .6340 6409 7S eT sOS 7 O55 7773 8778 8850 . 8095 9182] 1.004 | 1.0163] 1.0366} 1.0641 
3t -6258 .6285 6328 6389 7515 7560 | «7636 7740 8773 8845 . 8065 9128| ©.003 | £.0%44] F.032.| 1,056 
4 6257 | .6281 | .6319 6372 STS 7553. ll a7OLO 7710 8771 8834 . 8938 9082| 1.003 | 1.0125| 1.028 | 1.049 
from Fig. 2. If ab be the axis of the worm and cd a line represent- be slightly increased. Consequently their product and the lost 
ing a thread, against which a tooth of the wheel bears, it will be seen work of friction per revolution will not be much changed. The 


that if the tooth bears upon the thread by a pressure P, that pres- 
sure may be resolved into two components, one of which, ef, is per- 
pendicular, while the other, eg, is parallel to the thread surface. The 
perpendicular component produces friction between the tooth and 
the thread. The useful work done during a revolution of the thread 
is the product of the load P and the lead of the worm, while the 
work lost in friction is the product of the perpendicular pressure ef, 
the coefficient of friction and the distance traversed in a revolution, 
which is the length of one turn of the thread. Now, if the angle of 
the thread be doubled, as indicated, the load P remaining the same, 
the new perpendicular component fh of P will be slightly reduced 
from the old value ef, while the length of a turn of the thread will 


useful work per revolution will, however, be doubled, because, the 
pitch being doubled, the distance traveled by P in one revolution 
will be doubled. For a given amount of useful work the amount 
of work lost is therefore reduced by the increase in the thread angle, 
and, since the tendency to heat and wear is the immediate result 
of the lost work, it follows that that tendency is reduced. For small 
angles of thread the change is very rapid, and continues, though in 
diminishing degree, until the angle reaches a value not far from 
45 deg., when the conditions change and the lost work increases 
faster than the useful work, an increase of the angle of the thread 
beyond that point reducing the efficiency. 

These general principles have been given mathematical expres- 
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sion by Pror. J. H. BARR (Amer. Mach., Jan. 13, 1898). Assuming 
frictionless bearings—a condition that is nearly fulfilled by ball 
bearings—the formula for the efficiency of a worm gear is: 
tan a (1 —f tan @) 

tan a + if 


in which 
e=efficiency, 
a=angle of thread, being the angle dfi of Fig. 2, 
f=coefficient of friction. 

Assuming a plain step bearing of the collar type having the same 
mean friction radius as the worm, the formula becomes: 4 

tan aw (1—f tan a) 
tana + 2f 
Notation as before. 

Note that a worm being essentially a screw these formulas and the 
following chart, Fig. 3, apply also to the efficiency of screws. 

In order to present to the eye a picture of the meaning of 
these formulas, Fig. 3 has been plotted from them. 

The scale at the bottom gives the angles of the thread from o to 
go deg., while the vertical scale gives the calculated efficiencies, the 
values of which have been obtained from the equations and plotted 
on the diagram. The upper curve is from the first equation, and 
gives the efficiencies of the worm thread with a frictionless step; 
while the lower curve, from the 
second equation, gives the combined 


(approximately). 
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worms are used the efficiency of the transmission, as such, is of very 
little account. What the designer concerns himself with is the 
question of durability and satisfactory working, and the results to 
be expected in this respect are best shown by the upper curve, in 
which high efficiency means a durable worm. 

The chief significance of efficiency in this connection is that since 
lost power is expended in friction and wear, low efficiency means 
rapid wear and high efficiency the reverse. 

The above conclusions are confirmed by the well-known experi- 
ments of WILFRED Lewrs for Wm. Sellers & Co. (Trans. A. S.M. E., 
Vol. 7). The small crosses plotted on Fig. 3 represent the results of 
such experiments as developed the same coefficient of friction as 
that used in plotting the curves from the above equations. The 
experimental results will be seen to have a very satisfactory agree- 
ment with the lower curve with which they should be compared, as 
the step bearings used by Mr. Lewis were of the plain pattern without 
balls. 

Similar high efficiencies have been obtained repeatedly and most 
recently by Pror. Wm. K. Kennerson for the Brown & Sharpe 
Mfg. Co. (Trans. A. S. M. E., Vol. 34). Using worms of 45° and 
38° 16’ helix angle with ball step bearings on both worms and wheels, 
Professor Kennerson obtained efficiencies as high as 973 per cent. 

The articles by the author, above referred to, include particulars 
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Fic. 2.—The principle of worm Fic. 3.—Relation of helix angle and efficiency of worm gearing. 


gear efficiency. 


although, since it varies with the rubbing speed, no single curve 
can represent all conditions. 

The curves will be seen to rise to a maximum and then to drop. 
The values of the helix angle @ for maximum efficiency as found 
from the foregoing equations by the methods of the calculus are: 

For a frictionless step bearing, #@=43° 34’. 

For a plain step bearing, @=52° 40’. 

Of more importance than the angle of maximum efficiency is the 
general character of the curves, of which the most pronounced pecu- 
liarity is the extreme flatness, showing that for a wide range of angles 
the efficiency varies but little. Thus, for the upper curve there is 
scarcely any choice between 30 and 60 deg. of angle, and but 
little drop at 20 deg. 

At first sight the lower curve might be thought the more useful 
of the two, as it includes the effect of the step, but a little consider- 
ation will show that this is not the case. For most cases in which 


1 In both formulas the worm thread is assumed to be square in section. 
Thread sections in common use affect the results but little. 


of 18 worm drives of various helix angles doing heavy duty, some of 
which were successful while others failed from rapid wear. Sum- 
ming up the results of the investigation it was found that all worms 
having helix angles greater than 12° 30’ were successful, that all 
having angles less than 9° were failures from rapid wear, while be- 
tween these angles some were successful and some failures. In 
several cases unsuccessful worms of low angle had been replaced 
with others of high angle with the result of changing failure to success. 

The prevailing materials for worm gearing are hardened steel for 
the worm and bronze for the worm wheel. Referring to the examples 
collected by the author and already cited, of eleven successful gears 
doing heavy duty, five had bronze and six cast-iron gears, and, 
moreover, numerous other cases of successful cast-iron wheels 
could be cited. The Sellers planer drive, which is essentially a worm 
drive and which has been successful through a long series of years, 
always has the rack of cast-iron. The conditions under which worm 
gearing operates, especially if an oil bath is used, as it should be, 


WORM GEARS 


regardless of the materials, would seem to be especially favorable 
to the well-known glazing action of cast-iron bearings. 

It may be concluded that, given suitable dimensions for the work, 
worms having helix angles exceeding 15 deg. or better 20 deg. and 
running in oil baths should transmit continuous loads with good and 
even high efficiency and long life. 


Tangential Pressure on Worm Wheel Teeth 


ORS Pat 2. 5.40 8.61 
0.26 e 


Sliding Velocity at Pitch Circle 


Sliding velocity at the pitch circle of the worm in meters per second; 
differences of temperature in deg. Cent. Pressures in kilograms. 


Fic. 4.—Relation of pressure and velocity at observed differences 
of temperature in worm gearing. 


Load Capacity of Worm Gears 


The loads to be carried by worm gearing depend upon the dimensions 
of the gearing and the speed. 

The law connecting the speed, pressure and temperature was dis- 
closed in experiments by Prors. C. Bacw and E. RosEr 
(Zeitschrift des Vereines Deutscher Ingenteure, 1902, and Amer. Mach., 
July 16, 23; 1903). This law is plotted in metric measures in Fig. 4 
from which unfortunately, the scale of pressure is omitted. For com- 
parative purposes it may be scaled. The two curves are for 
observed differences of temperature (centigrade) as noted, between 
the oil cellar and the surrounding air. 

Professors Bach and Roser deduced formulas for the perform- 
ance of worm gearing from their experiments, these formulas trans- 
lated into British units being as follows: 

P=14.235[c $ (to—ta) +d] bp 
in which 
P= axial thrust on worm, lbs., 
fo = temperature in oil cellar, Fahr., 
tg = temperature of surrounding air, Fahr., 


b = breadth of wormwheel teeth measured on the arc at the 
roots of the teeth, ins., 
p = Pitch (not lead in the case of multiple thread worms) ins., 
Toe 
6 = +.4192, 
21,476 
éo=— > — 74.02, 
y+ 541 
v = circumferential velocity at pitch line of worm, ft. per 
min.; 


In the experiments the included profile angle of the worm thread 
was 29 deg., to which angle the application of the formula is prop- 
erly limited. Flooded lubrication was used in the experiments and 
is assumed in the formula. 


1Ip the original papers v was given as the sliding velocity at the pitch 
line, but a checking of the calculations shows that the quantity actually used 
was the circumferential velocity. 
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Fig. 5 by Pror. J. B. Peppre (Amer. Mach., Jan. 23, 1913) has 
been constructed to give the same results as the Bach and Roser 
formula. The use of the chart is shown by the example below it. 
Several trials will usually be required to find suitable proportions of 
pitch to face. 

In the use of the formula or chart, the temperature rise to be 
permitted must be determined by the designer. There does not seem 
to be any cause for alarm at a considerable rise if suitable oil be used. 
In Professors Bach and Roser’s experiments the extreme rise was 
95 deg. C. (171 deg. Fahr.), while in experiments by PRorrssor 
Kennerson (Trans. A. S. M. E., Vol. 34) a rise of 225 deg. Fahr. 
was experienced repeatedly, and in one case a rise of 322 deg. Fahr., 
the room temperature ranging between 66 and 88 deg. 

In the former experiments the oil used was “‘an extremely viscous 
steam cylinder oil’’ while Professor Kenerson used an oil intended for 
use with superheated steam. In both sets of experiments the worms 
were flooded, as they always should be. 

There is no doubt that bearings frequently operate at higher tem- 
peratures than is commonly believed and without giving trouble. 
Ordinary bearing oil loses its lubricating qualities at a temperature 
of about 250 deg. Fahr. See Index. 

Professor Kenerson’s experiments show that, when subjected to 
varying loads, worm gearing need not be designed for the greatest 
load. The final temperature of the oil cellar was not reached until 
the lapse of two, and in some cases three, hours, while abnormally 
high loads were carried for an hour and more without failure. The 
uniform experience was that, while the rise of oil temperature was 
rapid at the start, it became more gradual as the run continued. 

The materials used in Professors Bach and Roser’s experiments 
were unhardened steel for the worm, and bronze for the wheel. In 
Professor Kenerson’s experiments the worms were of case-hardened 
machinery steel, and the wheels of various grades of bronze, among 
which no great differences were observed so far as the rise of tem- 
perature was concerned. 

Good reason exists for doubting the correctness of Professors 
Bach and Roser’s fundamental analysis and hence of the formula 
and chart based upon it. They are, however, included here be- 
cause they embody the best existing information at the time of 
writing. 

As a contribution to this chapter, the Hindley Gear Co. (successors 
to Morse Williams Co.) have placed at my disposal their method 
of determining the dimensions of their well-known Hindley worms 
which are based on the most extended experience with this gear 
extant. 

The method is based on the use of a constant for the product of 
the velocity and unit pressure, this constant being chosen to suit 
the conditions and being thus largely a matter of experience and 
only partially capable of reduction to a formula. The initial as- 
sumption is that the load is carried by two teeth and that 70 per 
cent. of the area of these teeth is effective bearing area. The area 
of the teeth is determined from the drawing and multiplied by .7 
when the chosen constant is substituted in the formula 


pv=C 
in which 


p=pressure on effective area, lbs. per sq. in., 

v=circumferential speed of worm at the throat diameter 
pitch line, ft. per min., 

C=constant. 


For the most unfavorable condition, that is, for a steady load 
acting continuously and for an indefinite period of time, a conserva- 
tive value is C=250,000. For intermittent loads much larger values 
may be taken for C—an experience that is directly in line with Pro- 
fessor Kenerson’s experimental determination that abnormally high 
loads may be carried for considerable periods. In general, for inter- 
mittent loads C may be increased in the inverse proportion which 
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Join oil cellar and air temperatures and note intersection with axis X; connect this intersection with the velocity and note intersection 
with axis Y. Any two lines from this point and from the thrust which intersect on axis Z will give the required pitch and breadth of teeth. 


For light loads use light faced figures on both thrust and breadth scales ; for heavy loads use heavy faced figures on both scales. 


The ex- 


ample is for oil-cellar temperature = 190 deg., air temperature = 60 deg., velocity =200 ft. per min., thrust=1114 and 5570 lbs., giving 


pitch = 2 ins. and breadth=1 and 5 ins. 


Fic. 5.—Dimensions of worm gears. 


the load time bears to the total time. Thus should the load time be 
one-half the total time, C becomes 250,000 X 2 = 500,000, while should 
the load time be one-quarter of the total, C becomes 250,000X4= 
1,000,000. In extreme cases of intermittent loads applied for short 
periods and at large intervals, C may reach as large a value as 
3,500,000. 

In the matter of materials the timid are disposed to favor the 
general use of bronze for the gear. The experience of the Hindley 
Gear Co. has led them to the following choice of materials. 

For pressures per sq. in. of effective area not exceeding 350 lbs. 
and velocities not exceeding 500 ft. per min., cast-iron for both 
worm and gear. 


For velocities of tooo ft. per min. and over, the pressure per sq. 
in. of effective area being 350 lbs. for steady or soo lbs. for inter- 
mittent service, openhearth steel of about 35 points carbon for the 
worm and bronze for the wheel. 

For very heavy thrusts (say 10,000 lbs.) and low velocities (300 
ft. per min. or less) openhearth steel as above for the worm and 
Cramp’s special gear bronze for the wheel. 

Worm-gear cases and, for that matter, all gear cases, should be 
provided with vents; if this is not done the expansion of the air by 
the heat will drive the oil out through the bearings. The action 
repeats itself every time the gearing is started from the cold state 
and ultimately empties the case of most of its oil. 


HELICAL (COMMONLY MISCALLED SPIRAL) GEARS 


Of the load-carrying capacity of helical gears the author has no data. 

Note that in what follows the angle of the helix is taken as the angle 
between the teeth and the tangent to the pitch circle——that is, as the 
angle kal, Fig. 4. There is no uniformity of practice in this notation, 
some writers using the complement of this angle—that is, the angle 
lar, Fig. 4. This difference of practice should be kept in mind when 
comparing formulas from different sources. 

There is no geometrical difference between worm and helical gear- 
ing. This fact is illustrated in Fig. 1 of which the example in the 
immediate foreground is plainly a case of worm gearing, while that 
in the far background is as plainly a case of helical gearing. The 
difference between them is, however, one of degree only, as shown by 
the intermediate constructions. 

Such difference as there is relates to the method of production. 
Worms are commonly cut with threading tools in a lathe, the pitch 
with which we are chiefly concerned being that parallel with the axis 
—the axial pitch—which, in the case of the worm wheels, becomes the 
circular pitch, precisely as in spur gears. The section through the 
worm center line of a worm and gear in mesh is the same as the section 
of a rack and gear in mesh. Helical gears, on the other hand, are 
cut with cutters in a milling machine, the pitch with which we are 
chiefly concerned being that perpendicular to the teeth—the normal 
pitch. 


Helical Gears of 45°. Helix Angle on Shafts at Right Angles 


by Calculation 


may be made for most cases by the use of Table 1 by E. J. KEARNEY 

Calculations of helical gears of 45° helix angle on shafts at right angles 
(Amer. Mach., June 29, 1911). 

The law connecting the durability and efficiency with the helix angle 
of worm gearing, which see, applies also to helical gearing. Forall 
practical purposes the angle of maximum durability and efficiency is 
45 deg. Helical gears having this helix angle are also the easiest of 
all to calculate and to make. They are, hence, deservedly popular. 
The speed ratio of such gears is the same as that of spur gears—that is, 
the speeds are inversely as the diameters and as the number of teeth, 
the numbers of teeth being proportional to the diameters, and the 
pitch-line speeds of mating gears are equal. Such gears should be 
used whenever possible, there being, in fact, little reason for using 
other angles except in cases when the required speed ratio cannot be 
obtained with 45 deg. gears on the given center distances. 

The calculation of helical gears not found in Table r begins with 
finding the length of the normal helix, that is, the length of a line equal 
_ to the normal pitch multiplied by the number of teeth. The normal 
pitch of helical gears is determined by the cutter used and is the same 
as the circular pitch of spur gears. In spur gears the circular pitch 
multiplied by the number of teeth equals the circumference, from 
which it is plain that, in the calculations, the normal helix of helical 
gcars is analogous to and takes the place of the circumference in spur 


circumference 


gears. Similarly, in spur gears, =diameter, and in 


length of normal helix 
T 

but which is analogous to, and, in the calculations, takes the place of, 

the diameter in spur gears. 


helical gears, =a quantity which has no name 
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The author has shown (Amer. Mach., Nov. 28, 1901. Van Nost- 
rand’s Science Series No. 116) that for 45-deg. helical gears: 


h _ 1.4142C 
fe r+ ie (a) 
Te, 


in which 7; =length of normal helix of driver, ins., 
C =distance between centers, ins., 
r,=r.p.m. of driver. 
r2=r.p.m. of follower. 


Sede : ‘ F 
= being the quantity which takes the place of the diameter in spur- 


gear calculations as already noted. 


Fic. 1.—Helical and worm gears. 


The author has also shown (same references) that for 45 deg. gears: 
hy 
= 1) 


~ 7071 


dy 


in which d,;=diameter of driver, ins. 
The use of these formulas is best shown by an example: 


Is ‘ 

Let C= woe ins. 
"1 

and Fae 


Inserting these values in (a) we have: 
I, 1.4142X 4.468 
oe 1+4 
= 1.2637 ins. 


Assuming next that a 6 diametral pitch cutter is to be used, we 
multiply this quantity by the diametral pitch to find the number of 
teeth, precisely as we multiply the diameter of a spur gear by the 
diametral pitch and obtain: 

number of teeth in driver =1.2637 X6 
=7.58 
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Locate the intersection of the lines for the helix angle and the number of teeth. The number in the area in which the inter- 


section falls is the cutter number required. 


Fic. 2.—Cutters for helical gears. 


This number is fractional as it almost invariably is. A fractional 
number of teeth is, of course, impossible and the obtaining of such a 
number shows that the assumed conditions are impossible and that 
they must be changed. More specifically, the center distance must 
be increased to admit 8 teeth or reduced to provide for 7. Adopting 
8 teeth, the result is to change the length of the normal helix from the 
trial value first found. As in spur gears: 
number of teeth 

diameter pitch 


diameter = 


So in helical gears: 
true normal helix number of teeth. 


ra ~ diametral pitch 


: I ins 
6 +333 : 


instead of the trial value 1.2637 ins., as first found. 
true value in (6) we have: 


I. 
ie ee 

.7071 
as the diameter of the driver. Since the numbers of teeth and the 


diameters of the two gears are inversely as the speeds we have: 


Inserting this 


1.885 ins. 


Number of teeth in follower=8 X4=32 

Diameter of follower =dz; =1.885 X4=7.540 ins. 

ditds _ 1.885+7.540 
2 


Finally C= ; 


=—An7 TO 5S. 


=corrected center distance that must be used. 


F : 2 ins. 
To find the outside diameter of the blank add dinmenaipieek 


to the 
pitch diameter. 

To find the Brown and Shar pe cutter to be used, multiply the number 
of teeth in the gear to be cut by 2.83 (=sec.* 45°) and select a cutter 
for the resulting number of teeth or use the chart, Fig. 2, by A. E. 
Larsson (Amer. Mach., July 2, 1908), the use of which is explained 


below it. 
Helical Gears of 45 Deg. on Shafts at Right Angles by Graphics 


The results may be checked by a graphical construction, Fig. 3, 
the use of whichis explained below it. 


Helical Gears of any Helix Angle on Shafts at Right 
Angles by Calculation 


The solution of helical-gear problems for helix angles other than 45 
deg. depends upon the same principle—finding the length of the nor- 
mal helix to contain the required number of teeth—the process 
always involving a trial and a final solution. A clear understanding 
of the methods involves a knowledge of fundamental principles. 

Fig. 4 is a conventional representation of a helical gear with its 
pitch cylinder prolonged. One of the teeth is also prolonged to 
make a complete turn around the cylinder, the resulting curve, abcdef, 
being the tooth helix. For purposes of calculation this helix is defined 
by the angle kal between a tooth and the tangent to the pitch cylinder. 
For shop purposes it is more commonly defined by the length af of 


d’ 


Lay down ab = twice the assumed center distance. 
= 2X 4.468 = 8.936 ins. 
Divide ab at c into two parts, the lengths of which are in the ratio 
of the speeds, that is 
ChaCalcas tac d 
or cb 1/5 X8.936 =1.7872 ins. 
and ca = 4/5 X8.936 =7.1488 ins. 
Draw de at an angle of 45 deg. with ab and draw ad and be at 
right angles with de, giving cd and ce which equal the 
trial lengths of normal values 
T 

Scale cd and ce and multiply them by the diametral pitch, that 
is: 
Scale length 1.26 x6= 7.56= Trial number of teeth in driver. 
Scale length 5.04 6 =30.24= Trial number of teeth in follower. 

The results being fractional, increase (or decrease) them to 
the nearest whole numbers having the given ratio of I to 4, that 
is, increase them to 8 and 32. Divide these numbers by the 
diametral pitch 


8/6 = 1.333 ins. 
32/6 =5.333 ins. 
and lay down cd’ =5.333 ins. and ce’ =1.333 ins. 
and e’b’ perpendicular to de and we have: 
ca’ = diameter of gear = 7.540 ins. 
c’b’= diameter of pinion = 1.885 ins. 
a’b’= twice the center distance = 9.425 X ins. 


Draw d’a’ 


Fic. 3.—Graphical construction for helical gears of 45 deg. helix 
angle. 
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nearly a right angle. It is apparent from this illustration that the 
length of the normal helix from a to d takes in all the teeth and that 
ao, multiplied by the number of teeth, must equal ahpd and not 
ahpg. This length ahpd is always less than ahpg, and usually much 
less. Fig. 6 A isa development of the gear end of Fig. 5 on a reduced 
scale, ad being the developed length of the normal helix. Fig. 6B 
and Fig. 6 C show how with the same circumferential pitch and the 
same number of teeth but a reduced value of the angle kal, the 
length of the normal helix, which cuts all the teeth, grows shorter until 
it may make but a small part of a complete turn around the cylinder. 
It is clear that in all cases the line ad cuts all the teeth precisely as 
does the circumference aa, which goes completely around the cylinder. 
It is also clear that if the normal pitch is decided upon at the start, a 
diameter of cylinder and a helix angle must be found such that the 
normal pitch, multiplied by the number of teeth, shall equal the length 
of the normal helix between two intersections with the tooth helix. 

It is natural to ask: Why not employ the circumferential pitch and 
so deal directly with the circumference instead of the normal helix? 
Because we do not know what it is. The normal pitch is determined 
by the cutter used, while the circumferential pitch depends also upon 
the helix angle, and until this angle is known the circumferential 
pitch is not known. 

In the extreme case of a helical gear in which the helix angle is so 
small that the gear becomes a single thread worm, as in Fig. 7, points 
o and d of Fig. 5 coincide and the length of the helix between a and d 
becomes the normal pitch. It is, however, true as before that the 
normal pitch, multiplied by the number of teeth, which is now one, 
is still equal to the length of the normal helix betweed two intersec- 
tions with the tooth helix. 

A glance at Fig. 6 will show that in gears of the same diameter the 
length of the normal helix! grows shorter as the angle kal grows less, 
and hence that it and its gear will contain successively fewer and fewer 
teeth of the same normal pitch. That is to say, the number of teeth 
in a gear varies with the helix angle as well as with the diameter and 
the number of teeth in two gears of the same normal pitch ts not necessarily 
proportional to the diameters. In fact, it is never so proportional, 
except when the angle kal is equal to 45 deg. The diametral pitch of 
the cutters and the diameter of the gear thus do not determine the num- 
ber of teeth. 

Fig. 8 illustrates the simplest possible case of a pair of helical gears. 
The shafts are at right angles, the gears are of equal size and the tooth 
helix has an angle kal of 45 deg. Such a pair of gears will obviously 
run at the same speed—that is, have a speed ratio of 1—and as 
obviously both will have the same number of teeth. Unlike spur 
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Fics. 4 and 5.—Tooth and normal helices of helical gears. 


a complete turn around the cylinder—that is, by giving the pitch of 
the helix. 

The normal helix, aghdipq,is also drawn in. The normal pitch is 
the distance ao, an being the circular pitch. The normal pitch mul- 
tiplied by the number of teeth must equal the length aghd of the nor- 
mal helix between its intersections with the tooth helix—not the 
length aghipg of a complete turn around the cylinder. That this is 
true may be seen by reference to Fig. 5 in which the angle kal is 


gears, there are two ways in which the speed ratio of such a pair of 
helical gears may be varied. First, the diameters of the gears may be 
changed, as with spur gears, the angle of the tooth helix remaining 
unchanged, as in Fig. 9; and second, the angle of the helix may be 
changed, the diameters of the gears remaining unchanged, as in Fig. 
to. These methods act in very different ways. The first method is 


Length of normal helix” is to be understood as meaning the length of 
that helix between two intersections with the same tooth helix. 
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analogous to the procedure with spur gears. As with spur gears the 
circumferential or pitch-line speed of the two gears remains, as before 
the change, equal, but the length of the circumference of the two geats 
is unequal and the larger one thus makes a less number of revolutions 
than the smaller one. The second method is entirely unlike anything 
seen in connection with spur gears. Byit the pitch-line speeds of the 
two gears are made unequal, and hence, while their diameters are 
equal, the lower one revolves the more slowly. This points out 
another fundamental difference between helical and spur gears: 
With helical gears, unless the helix angle is 45 deg., the pitch-line 
speeds of two mating gears are not the same. 
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Fic. 7.—Normal helix of a worm. 


The two methods of changing the speed ratio shown in Figs. 8 and 
gmaybecombined. That is, part of the desired change in speed may 
be obtained by changing the diameters of the gears and the remainder 
by changing the angle of the helix. Given the speed ratio and the 
diameter of one of the gears, we may assume a helix angle and find a 
diameter for the second gear to go with it which shall give the desired 
speed ratio and, having done this, a second angle may be assumed and 
a second diameter be found. There are thus an indefinite number of 
combinations of angles and diameters which will give the required 
speed ratio. Note, however, that with the diameter of one gear 
fixed, every change in the diameter of the other changes the distance 
between centers, and that the lengths of both normal helixes must 
be exact multiples of the normal pitch of the teeth. The problem 
of designing spiral gears thus consists of finding a pair which shall 
have a given center distance, helix angles which can be cut with 
the means at hand, and such a normal pitch that stock cutters can 
be used. 

Geometrically speaking, there is a wide range of choice in the helix 
angle. As regards the desirability of different angles from the stand- 
point of durability, the conditions are essentially the same as in worm 
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gearing, in which the most favorable angle for durability is not far 
from 45 deg. There is, however, but a trifling increase in wear down 
to 30 deg., no serious increase down to 20 deg., and no destructive 
increase down to about 12 deg. Where gears are to transmit consid- 
erable power, the best results should attend the use of angles between 
30 and 45 deg., while angles as low as 20 deg. may be used in case of 
need, and as low as 12 deg. if the gears are to run in an oil bath or do 
light work only. The angle may also be increased above 45 deg. by 
similar amounts and with similar results. 
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FIG, 10. 


Fic. 9. 
Fics. 8 to 1o.—The speed ratio of helical gears. 


The author has shown (Amer. Mach., Nov. 21, 1901; Van Nostrand’s 
Science Series No. 116) that for helical gears having shafts at right 
angles: 

moe tan @ (c) 
in which 7;=r.p.m. of driver, 
r2=r.p.m. of follower, 
d,=diameter of driver, ins., 
d,= diameter of follower, ins., 
a=helix angle of driver, deg., 
=angle kal of Figs. 5, 6 and 7 measured on the driver. 

Note that formula (c) differs from the corresponding formula for 
spur gears only by the introduction of the factor tan a. 

In any actual case the center distance and the speeds are given 
and the diameters and helix angle must be found. We may assume 
a ratio for the diameters and find the angle, or we may assume an 
angle and find the ratio of diameters. It is desirable to assume the 
angle first, as on it depends, largely, the durability of the gears. To 
do this the above formula may be more conveniently written: 

en tan @ (d) 

The author has also shown (same references) that 


2C a (e) 


la 
— tan a+1 
re 


“n= 


in which C =distance between centers, ins. 

Having assumed a value for @ and substituted its tangent and the 
ratio of the desired speeds in (e), we find a value for di, and, having 
found d;, d2 may obviously be found by subtracting d; from 2C. 

Such a solution is complete in a geometrical sense, and if it were 
feasible to make a cutter to suit each case, it would be complete ina 
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practical sense also. When, however, we go a step further and find 
the length of the normal helixes, the probabilities are all against their 
being exact multiples of the pitch of any stock cutter. The solution 
so obtained must therefore be considered as provisional and be modi- 
fied to suit the cutters to be used. 

The author has also shown (same references) that 


h=c; sin @& 


=Td, sin @ 
or A dy sin @ (f) 
and that l,=C2 cos @ 

=7d2 cos & 
or 2 ds cos @ (g) 


in which c;=circumference of driver, ins., 
c2=circumference of follower, ins., 
d,=diameter of driver, ins., 
d,=diameter of follower, ins., 
1,=length of normal helix of driver between 
tions with tooth helix, ins., 
l,=length of normal helix of follower between intersec- 
tions with tooth helix, ins., 
a@=tooth helix angle of driver, deg. 
Note that (f) and (g) give the lengths of the normal helixes divided 
by z and not their actual lengths. This is done because, in dealing 
with diametral pitch cutters the calculations are made less laborious 


intersec- 


as has been explained in connection with 45-deg. gears. Dividing 
(f) by (g) gives: 
I, disin a 
Il, d2cos a 
d 
=— tan a (h) 


dz 

Comparing (c) with (2) proves what is almost self-evident, that the 
lengths of the normal helixes are to each other inversely as the number 
of revolutions, and hence that a pitch which will exactly divide the 
short helix will also divide the long one and that the numbers of teethin 
the gears are inversely as the speeds. 

The use of the formulas is best shown by an example: 
r.p.m. of driver 71 


SATEEN r.p.m. of follower 72 4 
and 
center distance =C =433 
=4.468 ins. 
We are, at the start, entirely at sea regarding the whole matter; 
but as an angle of 30 deg. is favorable to durability we may use it as a 
trial angle and see what it will lead to. Finding the tangent of 30 


A 5 r il ae 6 
deg. ina table and substituting it and the value of = in (e) we obtain: 
2 


oe I 
SASOsiges ts 
: =D i9 WAS" 
Obviously dj +d2=2C or 
dy=2C—d, 
that is, do=2X4.468 —2.7 
= 6.236 Ins. 
y 
From (f) we find 2 =2.7X.5 
=1.35 ins. 
ls 
and from (g) == 6.236 X.866 
=5.4 ins. 


1 Por a method of greatly abbreviating the calculations from this point 
on, in most cases, see Table 2 of Real Diametral Pitches of Helical Gears. 
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l 1; a 
These values of di, da, = and are the provisional values belong- 
ing with 3odeg. for a We must next find if these lengths of the nor- 
mal helixes will contain exact whole numbers of teeth. Assume that 
6 diametral pitch cutters are to be used. With spur gears, 
circumference 


diameter X diametral pitch = <diametral pitch 


=No. of teeth 


and so with helical gears, 
length of normal helix 
Te 


<diametral pitch = No.of teeth 
Performing the multiplications we have: 

1 

axe =1.35 X6 
=8.1 teeth 


fp 
and X6=5.4X6 


=32-4 teeth 

The provisional normal helixes thus contain 8.1 and 32.4 teeth of 
the desired pitch, and as these numbers are impossible, we take the 
nearest whole numbers having the desired ratio of 1 to 4, namely, 
8and32. That is, we decide to make the gears smaller and so shorten 
the normal helixes until they contain exactly 8 and 32 teeth— 
the result being also to reduce the center distance from the 
assumed value. 

To determine how much to reduce the diameters we must first 
find the reduced lengths of the normal helixes, which must be such 
that: 


h, 

—X6=8 

T 

£88 
a 7 LO 

=a 3gulnse 

y 
and x6 =32 

™ 

by _ 
or 775333 ins. 


; L lo. . 
Knowing these corrected values of = and it is easy to find the 


(a 


new diameters thus: The ratio between the provisional and final 
diameters is the same as that between the lengths of the provisional 
and final helixes, which latter is 8.1 to 8 or, its equal, 32.4 to 32. 
That is: 
final diameter 8 
provisional diameter 8.1 


: ae ‘ 8 
or final diameter = provisional diameter X 35 
Cpe 


8 
or final dj =2.7 Xe, 
> = 2.667 ins. 
and final d= 6.2365 
I 
= 6.159 ins. 


and d\+d2=2.667+6.159 =8.825 ins. = twice the new center distance, 

These calculations may be greatly abbreviated in most cases by the use 
of Table 2 by Wm. Haucuton (Amer. Mach., Sept. 7, 1911). In this 
table Mr. Haucuron has given a series of numbers (which he calls 
real diametral pitches) having the same relation to the circular pitches 
of helical gears that the usual diametral pitches have to the circular 


pitches of spur gears. We have the well known relation: 
No. of teeth ina spur gear 
diametral pitch 
And so with this table: 
No. of teeth ina helical gear 


real diametral pitch =pitch diameter 


=pitch diameter 
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The use of the table is best shown by applying it to the example 
already worked out, in which 
revolutions of driver 
revolutions of follower — 
Trial center distance = 4.468 ins. 
Helix angle =30 deg. 
Diametral pitch of cutter =6 
We first apply formula (2), for which a column of tangents will be 
found in Table 2, the result being as before: 
trial diameter of driver =2.7 ins. 
We now consult the Table 2 and, opposite 30 deg. helix angle and 
below 6 pitch, we find 3 as the real diametral pitch. Now: 
No. of teeth=pitch diameter Xreal diametral pitch 
=2.7X3=8.1 
This result being fractional and hence impossible, we reduce it to 
8 and then find 


4 


No. of teeth : 


final diameter of driven =-—..— ————— 
eoebes oy caren real diametral pitch 
8 


=— =1.667 ins. 


The speed ratio being 1 to 4 the motive gear must have 
8X4=32 teeth 
Looking in the table again for the real diametral pitch of the mating 
gear, we find it to be 5.196 and, as before, 
final diameter of follower =- a 2 fosk : 
real diametral pitch 
= Cee =6.159 ins. 

Note that for depth of tooth and diameter of blank the diametral 
pitch as given in the top line of the table is to be used. 

The special values of helix angles 26 deg. 34 min. and 63 deg. 
26 min. are for gears of equal diameter with a speed ratio of 2. 

By an adjustment of the angle a it is possible to solve the prob- 
lem for the assumed center distance. In this, helical gears posshss 
a property not shared by spurs of diametral pitch, which can only be 
made of such diameters as will contain an exact whole number of 
teeth. The lack of this property has not been found of moment 
with spur gears and it would seem that its possession is of correspond- 
ingly small value with helical gears. For this reason the author has 
omitted its consideration here. Those who desire to learn its use 
are referred to Worm and Spiral Gearing—(Van Nostrand’s Science 
Series No. 116) by the author. 


Helical Gears of any Helix Angle by Graphics 


The above determinations may be made or checked by a graphical 


construction, Fig. 11, the use of which is explained below it. 

To find the outside diameter of the blank, add thea ae 
to the pitch diameter. 

To find the Brown and Sharpe cutter to be used divide the number 
of teeth in the gear to be used by sin® @ and select a cutter for the 
resulting number of teeth or use the chart, Fig. 2. 

The pitches of the tooth helixes are found by the formulas: 

pitch of tooth helix of driver=7d, 1 tan @ 
pitch of tooth helix of follower =7d, cos « 
@ being taken from the driver in both cases. 


Helical Gears of any Helix Angle on Shafts at any Angle 


The calculation of helical gears on shafts at other angles than go deg. 
brings in the angle between the shafts. 
Let 7;=r.p.m. of driver. 
ry=r.p.m. of follower. 
d,=diameter of driver, ins. 
d= diameter of follower, ins. 
a=helix angle of driver, deg. 
w=angle between the shafts, that is, the lesser of the 
supplementary angles, deg. 
C=trial distance between centers, ins. 
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Lay off ab = 2C = 
lay off the indefinite line cd parallel to ab. Atc lay off the pro- 


13 inches. At any convenient distance 
visional angle a = 30 degrees. Draw ef at any convenient 
point perpendicular to cd. Take ef in the dividers and step it 
off from e toward d as many times as will represent the ratio of 
the desired speed of the driver divided by that of the follower. 
That is, in the present case, lay off ef 4 times above e and thus 
obtain d. Draw ca and db and extend them till they meet at 
g.1 Draw ge, giving ah and bh, which are provisional diameters 
of driver and follower respectively. Draw hp perpendicular 
to ab, at h lay down hk and hl to repeat a, and from h strike 
arcs ak and bl. Draw ko and nl perpendicular to ab and we 
have the provisional values. 


ahead 
bh = dz 
hoe 
ee 

Te 


Scale ho and hn and multiply them by the diametral pitch 
number — 6. If the results are not whole numbers, as they 
usually are not, select the nearest whole numbers having the 
desired speed ratio, and they are the final numbers of teeth. 
Divide these numbers by the diametral pitch number to obtain 


1 1, 
the final values of = and — and lay them down as ho’ andhn’. 
Draw o’k’ and I’n’ and k’a’ and l’b’, giving: 
a’/h = the final di, 
b’h = the final d., 
a’b’ = twice the new center distance. 


Fic. 11.—Graphical solution of helical gears of any helix angle on 
shafts at right angles. 


Formula (e) becomes for this case: 
XG; 
d=—— i 
: ry SIM (@®) 
r, sin (a+¢) 
As before d2=2 C—d,. 
1 Had cd been taken shorter than ab, g would have fallen to the left of 
the diagram, but the construction would otherwise have been unchanged. 
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HELICAL GEARS 


Helix 


Follower 
Plain Spur 
Gear 


Follower 
Left Hand 
Melix 


Follower 
Right Hand 
Helix Ti 


E1G, x2: 


EIGs 3 


Fics. 12 to 14.—Helices of gears on shafts at other than right angles. 


As before these values of d; and d: are to be treated as trial values 
and tested and adjusted for exact whole numbers of teeth. For the 
driver, formula (f) applies directly, but not so with (g) for the fol- 
lower. If the shafts are at right angles the helix angles of mating gears 
are compliments and the cosine of one may be used for the sine of 
the other, as in (g). With the shafts at other angles, this is no 
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longer true, and it is necessary to find the angle of the follower by 
the relation: 

Sum of helix angles=180°—shaft angle 
Calling the helix angle of the follower 8, we have in place of (g): 


fad, sin B. (i) 


So also, in finding the pitch of the tooth helix, the cotangent of 
the angle of the driver cannot be used for the tangent of the angle 
of the follower, the formulas becoming: 

pitch of tooth helix of driver=7z d; tan @ 
pitch of tooth helix of follower= 7d, tan 

The helixes of gears on shafts at right angles are always of the 
same hand but, with shafts at other angles, the relation given above 
for the sum of the helix angles makes it possible that one of the gears 
may be a spur, or its helix may be of opposite hand to its mate. 
This is more clearly shown in Figs. 12, 13 and 14, by H. B. McCaBE 
(Amer. Mach., Oct. 11, 1906). In Fig. 12 the driver has a left-hand 
helix with an angle equal to the shaft angle and the follower in a 
plain spur. In Fig. 13 the angle of the driver has been reduced and 
the helix of the follower is right hand, while in Fig. 14 the angle of 
the driver has been increased and the helix of the follower is Jeft 
hand 


PLANETARY (EPICYCLIC) GEARS 


The action of epicyclic or planetary trains of gearing may be deter- 
mined from the following collection of formulas by F. J. Bostock 
(Amer. Mach., May 16, 1907). 

An epicyclic gear is one that revolves around the center of another 
with which it isin mesh. The formulas that follow begin with simple 
and lead up to more complex arrangements. 

Example 1.—If in Fig. 1 R and N are two gears in mesh, rand 
being their respective numbers of teeth, their bearings being fixed, 
then: 

velocity of driven gear V_ rr 
velocity of driver gear Rn’ 


: x 3 r 
or W’s velocity = R’s velocity X-° 


If, however, R revolve in a positive direction, N must revolve in the 
opposite, that is, in a negative direction. 


r 
.”. N’s velocity = — R’s velocity X - (a) 


In all these calculations it is essential that great care be taken in 
order to obtain the correct sign of the resulting velocity. 

Example 2.—An intermediate gear I is placed in contact with 
both WV and R, Fig. 2. The effect will be that of giving N motion 
in the same direction as R. 


*, N’s velocity = R’s velocity x" (b) 


Simple Epicyclic Train 


Example 3.—Two gears, fF and N, are in mesh, the centers of 
which are on the arm R, which is capable of revolving around the 
center of F. It is required to find the velocity ratio between R and V 
when R revolves around the fixed gear F; Fig. 3 shows the arrange- 
ment. The gear NV is subject to two motions due to the following two 
conditions: 

a. The fact of its being fixed to the arm R. 

b. The fact that it is in contact with the gear F. 

We will therefore in the first place suppose that they are not in 
gear, and that V cannot rotate on thearm R. Thenif R makes one 
revolution around F it is obvious that V must also make one revolu- 
tion around F, as in Fig. 4. 

..’s velocity due to condition a,= 
thie direction being the same as R’s. 

Secondly, if instead of R making one revolution around Fina + 
direction, we cause F to make one in the opposite, that is, negative 
direction, we shall have exactly the same effect. Therefore place 
F and WN in mesh, and fix the arm R, as in Fig. 5 


R’s velocity, 


Then if F makes—1 revolution, WN will make +e revolutions. 


(According to equation (a). 
But —1 of F=+1 of R. 


.”. I revolution of R =! revolutions of JV, 


or, N’s velocity, due to condition } =! x R’s velocity. 
By addition we obtain the total impulses given to NV, that is: 


N’s velocity = R’s velocity +! R’s velocity 


=R’s velocity (: +!) : (c) 


Epicyclic Train with an Idler 


Example 4.—If an intermediate gear J be inserted between F and 
N, as in Fig. 6, we have a similar case to the above, but the inter- 
mediate gear has the effect of changing the direction of revolution of 
N (equation 6), due to its contact with F through J. 


*, W’s velocity=R’s velocity (: -/) : (d) 


It will be seen that if f=n, N will not have any motion of rotation at 
all; and it will have a positive one if f<m and negativeiff>mn. Thus 
by the adjustment of f and m one can obtain great reduction in speed 
by means of few moving parts. 


Simple Epicyclic Train with Internal Gear 


Example 5.—Instead of the driven gear N being external, it might 
have been internal, as shown in Fig. 7. The effect will be the same 
as inserting an intermediate gear in Example 3, giving the same 
result as case 4, namely: 


N’s velocity = R’s velocity X (: -f) . (e) 


In this case n >f. 
. The final direction is always +. 


Internal Gear Epicyclic Train with Intermediate Gear 


Example 6.—Fig. 8 shows a still further modification of this condi- 
tion, J being an intermediate gear. The result is: 


NV’s velocity = R’s velocityX (: + ) : (f) 


The Same Train with the Internal Gear Driving 


Example 7—With the above type, one often arranges the outer 
internal gear to be the driver, imparting motion to the arm carrying 
the intermediate gear. See Fig. 9. 

We have seen by equation 6 that: 

N’s velocity (driven) I 
R’s velocity (driver) 
city (driver) ae 


Ma 


r 


.”. N’s velocity = R’s velocity + (: —_ a 


= R’s velocity X (, a (g) 


The latter two examples constitute what is known as the “Sun and 
Planet” gear, which is largely used in many mechanisms. All the 
above examples show “‘simple” gearing, but they can be compounded 
with great advantage. 


Compound Gears in Fixed Bearings 


Example 8.—Gears compounded together are shown in Figs. 
ro and 11, rr being a diagram of ro. One repeats the well-known 
rule that: 
velocity of driven gear 
velocity of driver gear 


product of number of teeth of driver gears 
~ product of number of teeth of driven gears 


xm 
; NY’ locity = R’s v : 
or s velocity SV elocity x” an (h) 


The direction is the same as N’s namely, +. 
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Fie. 1—Simple pair of Fic. 2.—Gears in fixed bear- Fic. 3.—Simp'e epicyclic 
ears in fixed bearings. ings with an idler. i US Boots : 
g ngs : ings with an idler ; oe ee Nae eas pit atne res 
Eq. 1 N’s V.=—R’s V.X- Eq. 2 N’s V. = R's V.X> ass a“ Meas tation of N when it is re- 
1+ J) volved about the center 
of F. 
4 + + 
ee a eT 


et Ke Arm (Gaia 
er 


R 
Fic. 5—Second stage in deriving Fic. 6.—Epicyclic Fic. 7.—Simple epicy- Fic. 8.—Internal gear train with 
equation 3; arm assumed to be fixed, train with an idler. clic train with internal intermediate gear; the arm driving. 
F turned backward. Eq. 4 N’s velocity = gear. Eq. 6 N’s velocity =R’s velocity X 
R’s velocity X Eq. 5 N’s velocity = R’s (: ie zy 


(: be ‘) velocity X (: ae 4) 


aieN 
ey 


F 
Fic. 90.—Same train as Fig. 8 but Fic. 1o.—Compounded Fic. 11.—Compounded Fic. 12.—Compounded epicyclic 
with the internal gear driving. gears in fixed bearings gears in fixed bearings. train. 
Eq. 7 N’s V. = R's V.X (5) Eq. 8 N’s V. = Rs vx See equation 8, Fig. 10. Eq.o As VERY, x ( ed) 
By Coy 
Fic. 13.—Second stage in deriving equa- Fic. 14.—Compound epicyclic train Fic. 15 —Compound epicyclic train 
tion; 9 arm assumed to be fixed, F turned with one internal gear. with two internal gears. 
backward. Eq. 0 N’s V.=R’s V.X (x +) See Eq. 9, same as Fig. 12. 
4 A 
a 
ci Ae 
Z =, NOTATION 


R= Denotes Driving Gear, or in some 
cases, Arm. 

r= Number of Teeth in Driving Gear. 

N= Denotes Driven Gear or Arm, 

n == Number of Teeth in Driven Gear, 

I, S and M denote Intermediate Gears, 

F= Denotes Fixed Gear. 

f = Number of Teeth in it. 

V = Angular Velocity. 

‘7777 Denotes part which is Fixed. 


Fic. 16.—An epicyclic train consisting of Fic. 17.—Diagram of the train of Fig. 16. 
two central gears, one arm carrying two Eq.11. N’sV.=R’sV.X (54). 
planetary gears, and two internal gears, one Vata 


of which is fixed. 
Fics. 1 to 17—Planetary gear trains with corresponding velocity ratio formulas. 
9 


Compound Epicyclic Train without Internal Gear 


Example 9.—We will now arrange to fix one of the gears F, and 
by means of the arm R revolve the others around it, thereby 
causing NV to revolve as shown in Figs. 12 and 13. As before, 
we will assume the gears M and S to be out of mesh, so that 
when the arm R, carrying withit the gear V, makes one revolu- 
tion around F, N must also make one revolution relatively to F. 
Also when they are in mesh, the arm R being fixed and F makes one 


revolution in a negative direction (see Fig. 13), NV will make—!™ 


revolutions (equation /). 
Now the total motion imparted to V must be the sum of these two, 
namely: 


: m 
1 revolution of R=1 te revolutions, of JV, 


or N’s velocity =R’s velocity X (: - 2m) . (i) 


Compound Epicyclic Train with One Internal Gear 


Example 10.—Fig. 14 shows a slight modification of the last case, 
N being an internal instead of an external gear. Obviously the only 
difference will be in the direction of N’s motion, that is: 


fm 
mak 


N’s velocity = R’s velocityX (: = ; ) (j) 


Compound Epicyclic Train with Two Internal Gears 


Example r1.—A further modification, however, is one in which 
both F and WV are internal gears, Fig. 15, the effect of such being a 
change of sign in the equation. 

.. W’s velocity = R’s velocity X (: _ =) . (i) 

The type shown in Figs. 12 and 15 is, perhaps, one of the best 
methods of obtaining a good reduction of speed in an easy and 
cheap manner. 

There are several combinations of the examples shown, but as they 
are all somewhat similar we will take another typical case as a guide 
for future calculations. 


An Epicyclic Train Consisting of Two Central Gears, One Arm 
Carrying Two Planetary Gears, and Two Internal Gears, 
One of Which Is Fixed 


Example 12.—The writer has successfully used the arrangement 
shown in Figs. 16 and 17, in which R and R’ are two spur gears 
mounted on one shaft; J and J’ are two “planet” pinions, while F 
and WV are two internal gears, the former being fixed. R and R’ are 
made to revolve, which has the effect of giving V a very slow speed 


Finding the Velocity Ratio 


As this is somewhat complicated, we will work it out in stages: 

1. Obtain the revolutions of the arm A when R’ makes one revolu- 
tion, F, of course, being fixed. 

2. Obtain N’s revolutions when the arm A is fixed and R makes 
one revolution. 

3. Assume R fixed, and that the arm makes one revolution; obtain, 
then, WV’s revolutions. 

4. Then if N makes so many revolutions to one of the arm, as 
given by stage 3, we can by proportion obtain how many will be 
caused by the amount given by stage 1. 
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5. Add the results of 2 and 4 together, and obtain the motion 
given to V by one revolution of R, which is the desired result. 

Working the above out we obtain: 

t. When F is fixed and R’ makes one revolution, the arm A must 


make+ (According to equation (g) 


yr’ 
2. R makes one revolution, arm A being fixed; then N must make 
—" revolutions. (According to equation (0).) Negative sign used 


because of the internal gear.) 
3. When R is fixed and arm A makes one revolution, V will make 


+ (+") revolutions. (According to equation (f).) 
; r é 
4. With one revolution of arm, N makes a revolutions, from 
stage 3; 


, 
: r : : : 
*. with = revolutions of the arm, as derived in stage 1, NV 
ie « 


to, 
(“+5) (ea) 


s. The aggregate is the sum of the effects derived in stages 4 and 
2, namely, to one of R, N makes: 


(+5) x (ra) + (3) 


will make 


Gat 

“alr +f) 10 

ae 
n(r' +f) 

_ nT 

~ ar’ +f) 


The final direction of revolution of N will depend upon the re- 
lation which 7’” bears to rf; if the former be greater, then the direc- 
tion will be positive (+), and vice versa. The formula for this 
combination is, then: 
r'n—rf ) 
apo |. kh 
n(r'+f) (k) 


Some Numerical Examples in Epicyclic Gearing 


N’s velocity =R’s velocity X ( 


In order to illustrate the above examples we will take one or two 
cases. 
If in example and Fig. 3, f= 30, m=25, then to one revolution of 


R, N will make (+4 =1+$$=24 revolutions. 


It will be obvious that with f=n, N would revolve at twice the 


speed of R. 
In the type shown in Fig. 7, f=60, n=65. 
then 
ree 
Velocity of N _ el en 3 ca 
Viclocity-0ftk, ei lat Tn ees 


The arrangement of Fig. 12 is much used. Let »=60, f=6r, 
$=40, M=4I. 
Th : ! F fm 
en the velocity ratio between NV and Ris 1 eee 
61X41 2501 
~ 40X60 ~ 2400 
=say 1:24, in a minus direction. 
Illustrating example 12, Fig. 16, let r=o0, r’=o01, f=120,n=121. 
Velocity of N r’n—rf 91X121—90X120 
Velocity of R- n(r’+f) ——-121(91 + 120) 
IIOII —Io08co 211 I 
121X211. 121X211 121 


ROPES 


Important differences exist between British and American prac- 
tice in rope driving. Thus British engineers prefer three strand 
cotton rope and the multiple-wrap system, while American engineers, 
with few exceptions, have adopted four strand manilla rope and the 
continuous-wrap system. ‘This diversity of practice, based on ex- 
tended experience in both cases, is difficult to reconcile or explain. 

An obvious advantage of the multiple-wrap system is that the 
ropes give out one at a time and, as the failure of a single rope does 
not cripple the system, delays due to failure are lessened. This is 
at least partially offset by the fact that ropes never fail without 
giving warning. An equally undoubted advantage of the continuous 
wrap system with its weighted idler is its flexibility as regards 
center distance, inclination from the horizontal, direction of rotation 
and the passage of obstructions by the use of guide pulleys. Ma- 
nilla rope is also most suitable for situations involving exposure to 
weather conditions or to dampness. 

The rival claims of cotton vs. manilla rope relate chiefly to cost 
and durability, regarding which no accurate data exist. Whatever 
the explanation, British engineers consider the superiority of cotton 
rope as proven beyond question. 

The Plymouth Cordage Co., who install both systems, consider 
the British system best when the driving and driven sheaves are of 
about equal diameters, the shafts enough out of the vertical to pre- 
vent the slack side from falling too much out of the sheave grooves, 
the shafts between 30 and 125 ft. apart, the load fairly uniform, the 
speed not excessive and the drive protected from the weather. In 
general, the multiple system inclines to the larger and the continuous 
system to the smaller installations. Cotton rope is, however, better 
for small interior drives which take the place of belts. 

The continuous system should generally be used when shafts are 
nearer together than 30 ft., as, in the multiple system, a small 
amount of stretch will so decrease the initial tension that the centrif- 
ugal force carries the rope out of its groove and quickly diminishes 
its driving capacity. 

With shallow grooves to avoid chafing due to the necessary side 
lead of the continuous system, sheaves may be run on to ft. centers 
while, without supporting idlers, the shafts may be placed as muchas 
150 ft. apart. With idlers the distance may be increased almost 
indefinitely. 

Rope drives up to 4000 h.p. capacity are in operation, drives of 
between 1000 and 2000 h.p. being fairly numerous. 

The comparative first cost of rope and belt drives, according to the 
Plymouth Cordage Co., may be determined by assuming the belt 
to cost about two and one-half times as much as manilla rope of 
equal capacity and the rope sheaves to cost about one-third more than 
belt pulleys—the advantage of ropes increasing with the distance 
between shafts. The average life of manilla rope of good proportions 
may be taken as eight years, the life of belts being materially longer. 

The most economical speed to run the rope, taking into consider- 
ation the first cost and durability, is given as about 4500 ft. per 
min. Lower speed increases the durability, while higher speed, 
within certain limits, reduces the first cost. 

The diameter of manilla ropes used in the United States for heavy 
drives ranges between 1 and 1? ins., while the speeds used run up to 
sooo ft. per min. The following charts and tables are from a 
paper on Rope Driving by C. W. Hunt (Trans. A. S. M. E., Vol. 12). 

The relative first cost of manilla rope as related to the speed may be 
obtained from Fig. 1, the cost of a rope running at 8o ft. per sec. 
being taken as 100. The first cost for other speeds is in proportion 
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to the ordinates for those speeds. Thus if a rope is to run at 6oft. 


: : 112 
per sec., its cost will be a of that for a speed of 80 ft. 


The rule for the load to be carried by manilla ropes is that the 
stress on the tight side in Ibs. shall be equal to 200 times the 
square of the diameter in ins. Table 1 gives the horse-power 
suitable for usual sizes of rope on this basis. 

The horse power including the effect of centrifugal force in relation 
to the speed is given in Fig. 2. 


200 


190 


180 


170 


160 


150 


Ratio of First Cost 


1380 


110 


aa 20 30 40 50 60 70 80 90 100 


Speed of the Rope, Ft. per Sec. 


Fic. 1.—Relative first cost of rope at various speeds. 


The tension on the slack part of the rope, when transmitting the 
amount of power given in Table 1, may be obtained from Table 2. 
The use of this tension is in determining the weight to be applied 
to the idler in order to obtain the necessary adhesion. 

The sag of the rope (drive horizontal) when transmitting the 
amounts of power given in Table 1 may be obtained from Table 3. 
This sag is the same at all speeds for the driving part, but is variable 
for the slack part. 
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Fic. 2.—Horse-power of Manilla rope, including the effect of cen- 
trifugal force. 


TABLE 1.—HORSE-POWER OF MANILLA ROPE 


: Diam. of 
Diam. 
of Speed of the rope in ft. per min. smallest 
pulley or 
pees x : idler in 
ree | 1500 2000|2500| 3000 3500] 4000 4500|5000|6c00 7000 8400 ins. 
z DAS Ole 3) Sazvl S20! Soe oudies 4lant 2.2) (0) 20 
3 Se 382i BO! Ae AO) BO S23) 55a) 450) Sad} 20 24 
i Siost || AEG) Bee) Sets Ward wee ceil a Gizil| ie Zio) |s 30 
¥ ASME SsOle 7. O|o2i Oa) 9.8) 10.8) 10.7! 9.3) 6.:9]| 'O 36 
I seed. ety) 9.2)10.7|I1.9 12.8 13.6/13.7)12.5 8.8] o 42 
1} 9.2 12.1|14.3)16 8 18.6/20. 0/21. 2/21.4|19.5|13.8 fo) 54 
14 13.1 17.4|20.7/23 126.8 28.8/30.6 30.8 28.2/19.8 (0) 60 
i2 FS...0. (23.7 28. 2|32.8)/36.4|39.2/41.5|4r.8/37.4|27.6| fo) 72 
2 23.2, 130.8 36.8 42.8 47.6151.2|54.4|54-8 50.0|35.2| Oo 84 


TABLE 2.—TENSION ON THE SLACK PART OF THE ROPE 


; Diameter of the rope and pounds tension on 
Speed of rope in the slack rope 
ft. per sec. 
pasa ee ea a ills 

20 TON |) 27 || 4:0) || 54) 71 riya) adv |) zaWtoy IP OX] 
30 EAD |e 208)| 42:5) 56, 74 IIS 170 | 226. | 296 
40 15 | 3m | 45 | 60 | 79 | 123 | 18x | 240 | 315 
50 16 | 33 | 49 | 65 85 | 132 | 195 | 259 | 339 
60 LES ESOm 53.0 7k 93 | 145 | 214 | 285 | 373 
70 EO- 39) | 591) 78 IOI 158 236 | 310 | 406 
80 20 PASe | G44 85) err 73. 2555) 3405445 
90 2ANPAST | OOS Ne t22) 190270 372) 1437 


TABLE 3.—SAG OF THE ROPE BETWEEN PULLEYS 


= Slack side of rope 
% | Driving rope | —— = : 
Distance between | Aitepeeds 80 ft. per 6o ft. per 40 ft. per 
pulleys in ft. sec. sec. sec. 
Et, |) Las Ft. Ins. Ft. Ins. Bt. 3 | dns: 
40 | Co) 4 ° 7 to) 9 Co) II 
60 (0) Io I 5 I 8 I iat 
80 a 5 2 4 I 10 3 3 
100 2 | fo) B 8 4 5 5 2 
120 Deh Tk 5 3 6 3 af 4 
140 3 10 Fi 2 8 9 9 9 
160 5 I 9 3 nips 3 I4 fo) 


Ordinary manilla rope should not be used. American manilla 
transmission rope is always laid up with internal lubricant which is 
essential to long life. . 

The cross-sections of rope sheaves used by the Plymouth Cordage 
Co. are shown in Figs. 3, 4 and 5. Fig. 3 shows the usual section, 
Fig. 4 being used to avoid side chafing when the sheaves are close 
together, under which circumstances the higher webs are not needed 
as there is no tendency for the rope to jump the grooves. Fig. 5 
shows the section used for idler sheaves. 
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The diameter of sheaves for manilla rope should not be less than 40 
diameters of the rope. Cotton rope being more flexible, the sheaves 
for it may be smaller. The British rule for cotton-rope sheaves 
provides a minimum of 30 rope diameters. The same rule for di- 
ameters should be observed with idler as with driving sheaves, as it 
is the bending of the rope on the sheave that does the damage. 

For dimensions of rope sheave arms see Dimensions of Pulley 
Arms. 

The horse-power of cotton ropes, according to British practice, is 
given in Table 4 by Epwarp Kenyon (Trans. South Wales Ins. of 


Fics. 3 to 5.—Cross-sections of rope sheaves. 


Engrs., 1909). British practice with cotton ropes does not hesitate 
to adopt speeds of 7000 ft. per min., whereas American practice 
regards 5000 ft. as the economical limit with manilla ropes. Ac- 
cording to Mr. Kenyon, the angle between the driving faces of the 
groove should not exceed 4o deg. in order to prevent the rolling 
over of the ropesin their grooves which reduces their life at least one- 
third. 
For the efficiency of rope driving see below. 


Manilla Rope for Hoisting 


The proper working loads of hoisting rope, according to C. W. Hunt 
(Trans. A. S. M. E., Vol. 23) are well settled by extended experience. 
Table 5 gives Mr. Hunt’s figures for the working loads and the sheave 
diameters under various conditions. The terms in the captions of 
the columns have the following meanings: 

Slow: Derrick, crane and quarry work; speed from 50 to too ft. 
per min. 

Medium: Wharf and cargo hoisting; 150 to 300 ft. per min. 

Rapid: 400 to 800 ft. per min. 

The efficiency to be expected from hoisting blocks is given in Table 
6 from some experiments made by Robert Grimshaw and quoted 
by Mr, Hunt. The blocks experimented upon had a 6-fold pur- 
chase, the three upper sheaves having roller bearings and the three 
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TABLE 4.—HORSE-POWER OF THREE STRAND Cotton Ropes 
Nope diameters. ..i.7.4-+) sees oe x” | 137 | xa | rg? | xa | gr | a7 | gee Rope diameters............ Were? | ra ne | re | rea |e |) 2 
~ deciles Sle eulce | aml ax 28 Bolen ieea\ce.| eel oe | dled 
Minimum diameter of small- | AS 2 | a » | al] | | al & | Minimum diameter of \ Blk ll Oe alk aes halal aes a1 
eseupulleyay cuscaac bees lan s sig Wee as Von) to smallest pulley......... £ i foes thiaes Be || ga lp 
) a a COU omen co wale Se vellluesct lan se! : a a ol a) + +! os 
Velocity in ft. per min. Velocity in ft. per min. 

1000 Sesh Aan SBLO. tl wodieS-Ol 2o Inr. sins 4100 13.3)16.9/20.7/25.1/30.4/35.3] 41 |47.1/53.5 
IT100 SLO A. 5) SO] O.7lesel| O-5| DL |12.0/T4.3 4200 13.6|17.3/21.2/25.7/31.2/36.2) 42 |48.3|54.8 
1200 3.9] 4.9] 6.1) 7.3] 8.0]/10.3] r2 |13.8/15.6 4300 13.9/17.7/21.7/26.3/31.9137 43 |49.4|56.1 
1300 4.2) 5.3) 6.6] § 9.7|1T.2) 13 |14.9]16.9 4400 14.3/18,1/22.2|26.9/32.7/37.9] 44 |50.6157.4 
1400 4.6] 5.7] 7.1| 8.6/10. 4/12 14 |16 118.3 4500 14.6/18.5)22.7/27.5/33.4/38.8] 45 |51.7|58.7 

1500 A UO 16. 3\ 7.6) O28 TI ot 12.9) V5) |r712|591.6 4600 14.9/18.9/23.2/28.1/34.2/39.6| 46 |52.9/60 
1600 5.2] 6.6) 8.1] 9.8]/11.9/13.8] 16° ]18.4|20.9 4700 15.2/19.3)23.7|28.7/34.9|40.5| 47 154 |61.3 
1700 ; 5<5| 7 8.6}10.4/12.6/14.6] 17 |19.5|22.2 4800 15 .6/19.8)24.2/20.4)35.7/41.4| 48 |55.2|62.7 

1800 5.8) 7.4] 9.1/1r |13.4]15.5] 18 |20.7/23.5 4900 15 .9|20.2/24.7|30 136.4)42.2) 49 |56.3/64 
1900 6.2) 7.8] 9.6/11.6/14.1/16.3] 19 |21.8|24.8 5000 16.2/20.6/25.3/30.6/37.1/43.1] 50 |57.5|65.3 
2000 6.5] 8.2|/t0.1/12.2/14.9/17.2| 20 |22.9|26.1 5100 16.5/2E |25.8/31.2/37.9|43.9] 51 |58.6/66.6 
2100 6.8] 8.6/10.6)12.8]/15.6)18.1] 21 |24.1/27. 5200 16.9]/21.4|/26.3/31.8/38.6|44.8] 52 |159.8|67.9 
2200 Poll Ox (Rie) LSe4|LO. Siler Ol) 22) \|25..3129.7 5300 17.2|21.8/26.8/32.4/39.4145.7| 53 |60.9|60.2 
2300 7.5) 9.5|/11.6/14 |r7.1/19.8! 23 26.4130 5400 17.5|22.2/27.3/33 |4¢.1/46.5| 54 |62.1170.5 
2400 | 7.8] 9.9/12.1/14.7]/17.8/20.7| 24 |27.6/31.3 5500 17.8/22.6/27.8/33.6|40.9|47.4| 55 |63.2|71.8 
2500 8.1/10.3)12.6/15.3|18.5|21.5| 25 |28.7/32.6 5600 18. 2/23.1/28.3/34.3)41.6/48.3] 56 |64.4)73.1 
2600 8.4/10.7/13.1/15.9|19.2|22.4| 26 |20.9/33.9 5700 18.5/23.5/28.8/34.9/42.3|49.1| 57 165.5|74.4 
2700 8.7/11.1/13.6/16.5/20 |23.3] 27 |3r |35.2 5800 18.8)23.9}29.3/35.5/43.1|50 58 |66.7/75.7 

2800 9.I/IT.5|14.1/17.1/20. 824.1] 28 |32.2/36.5 5900 19.1/24.3}29.8/36.1/43.8]50.8] 59 |67.8|77 
2900 9.4/11.9|14.6|17.7/21.5/25 29 |33.3/37-8 6000 19.5|24.7/30.3/36.7|44.6|51.7| 60 [69 |78.3 

| 
3000 9.7|12 3/15.1/18.3 22.3/25.8] 30 |34.5|/39.1 6100 19.8/25.1/30.8/37.3/45.3/52.6) 61 |70.1|79.6 
3100 IO |12.7/15.6|18.9|23 |26.7] 31 135.6|40.4 6200 20.1/25.5131.3/37.9|46.1/53.4| 62 |71.3/80.9 
3200 10. 4/13.2/16.2/19.6|23.8|27.6] 32 |36.8/41.8 6300 20.4/25.9/31.8/38.5|46.8/54.3| 63 |72.4/82.2 
3300 10.7|13.6|16.7|20.2|24.6|28.4] 33 |37.9/43.1 6400 20.8/26.4/32.4/39.2/47.6|55.2| 64 |73.6/83.6 
3400 tr |14 |17.2\20.8|25.3/29.3] 34 |39.1/44.4 6500 21.1/26.8/32.09/39.8/48.3/56 | 65 |74.7/84.9 
3500 II.3|14.4/17.7/21.4|26 |30.1] 35 |40.2/45.7 6600 21.4|27.2/33.4|40.4/49 |56.9| 66 |75.9|86.2 
3600 IE.7|/14.8|18.2/22 |26.7/31 36 |41.4/47 6700 21.7|/27.6/33.9/42 |40.8|57.7| 67 177 |87.5 
3700 12 |15.2|18 7|22 6|27.5|31.9| 37 |42.5]48.3 6800 22.13/28 |34.4/41.6|50.5|58.5] 68 |78.2/88.8 
3800 I2.3/15.6|19.2|23.2/28.2/32.7| 38 |43.7/49.6 6900 22.4/28.4/34.9/42.2/51.3/59.4| 60 |79.3|90.1 
3900 12.6|16 |19.7/23.8/29 133.6] 30 |44.8/50.9 7000 22.7128.8/35.4142.8/52 |60.3| 70 |80.s\o1.4 
4000 13 16.4|/20.2/24.5|29.7/34.5| 40 |46 |52.2 


TABLE 5.—WoRKING LOADS FOR MANILLA HoIsTING ROPE 


Diameter Ultimate Working load, Minimum diameter of 

of rope, strength, ; Ibs. sheaves, ins. 
ins. Ibs. Rapid|Medium! Slow | Rapid! Medium| Slow 
I 7,100 | 200 | 400 I,000| 40 | 12 8 
1} 9,000 250 | 500} 1,250] 45 13 9 
1} | II-000 | 300 | 600 | I,500 50 | 14 10 
1} | 13,400 | 380 | 750| 1,900 55 15 II 
1} | 15,800 | 450 } 900 2,200 60 16 12 
1% | 18,800 | 530] 1,100 | 2,600) 65 17 13 
1} 21,800 620 | 1,250 3,000| 70 18 14 


TABLE 6.—EFFICIENCY OF BLOCK AND FALL 


Theoretical | | 


| i ; Extra power 
Net load on tackle, amount required Actual power P 

| 

i] 


required over 


weight raised to raise the | required I eee enboreticat 
net weight | | 

600 lbs. 100 Ibs. | 158 lbs. |58 lbs./58 % 

800 lbs. 133.3 lbs. | 198 lbs. [64.3 peas % 

1,000 lbs. | 166.7 lbs. 243 lbs. 76 lbs./45.8 % 

1,200 lbs. | 200 lbs. | 288 lbs. 188 Ibs.144 % 


lower ones plain, solid bushings. The rope was 3 strand of 34-ins. cir- 
cumference. The sheaves were of 8 ins. diameter. 


Splicing Manilla Rope 


The following particulars regarding the splicing of rope and the 
various forms of knots are taken, by permission, from the publications 
of the C. W. Hunt Co. 


The splice in a transmission rope is not only the weakest part of the 
rope, but is the first to failwhen the ropeis worn out. If thespliceis 
not strong, the rope will fail by breakage or pulling out of the splice. 
If the rope is larger at the splice, the projecting parts will wear on the 
pulleys, and the rope fail from the cutting off of the strands. 

Do not put in a “short splice,” or an ordinary ‘“‘long splice,” or 
get an old sailor to do the work, but have a handy man follow implic- 
itly the directions given herein for a splice in a four-strand rope. 

For splicing, add to the net length the following amount for making 
a splice: 


1 in. diameter......... 12 ft. | 13 ins. diameter......... 18 ft. 
T+ insa diameters. eye 4 tie mein S aChametenes ieee Ole 
Ts Ins, diameter. senate 16 ft. 

The splicing of a 1$-in. rope is shown in Figs. 6 to 9. Begin by 


tieing a piece of twine, 9 and ro, around the rope to be spliced, about 
six feet from each end. Then unlay the strands of each end back to 
the twine. Butt the ropes together, and twist each corresponding 
pair of strands loosely, to keep them from being tangled, as shown in 
Fig. 6. 

The twine to is now cut, and the strand 8 unlaid, and strand 7 care- 
fully laid in its place for a distance of four and a half feet from the 
junction. The strand 6 is next unlaid about one and a half feet, and 
strand 5 laid in its place. The ends of the cores are now cut off so 
they just meet. Unlay strand 1 four and a half feet, laying strand 
2inits place. Unlay strand 3 one and a half feet, laying in strand 4. 
Cut all the strands off to a length of about twenty inches, for conve- 
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nience in manipulation. The rope now assumes the form shown in 
Fig. 7, with the meeting points of the strands three feet apart. 
Each pair of strands is successively subjected to the following 
operation: 
From the point of meeting of the strands 8 and 7, unlay each one 
three turns; split both the strands 8 and the strand 7 in halves as 
far back as they are now unlaid, and the end of each half strand 


Fic. ©. 


Fics. 6 to 9.—Splicing Manilla rope. 


whipped with a small piece of twine. ‘The half of the strand 7 is now 
laid in three turns, and the half of 8 also laid in three tums. The 
half strands now meet and are tied in a simple knot, 11, Fig. 8 
making the rope at this point its original size. 

The rope is now opened with a marlin spike, and the half strand of 
7 worked around the half strand of 8 by passing the end of the half 


? 
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strand 7 through the rope, as shown in the engraving, drawn taut, and 
again worked around this half strand until it reaches the half strand 
13 that was laid not in. This half strand 13 is now split, and the 
half strand 7 drawn through the opening thus made, and then tucked 
under the two adjacent strands, as shown in Fig. 9. The other half 
of the strand 8 is now wound around the other half strand 7 in the 
same manner. After each pair of strands has been treated in this 
manner, the endsare cut off at 12, leaving them about four inches long. 
After a few days’ wear they will draw into the body of the rope or 
wear off, so that the locality of the splice can scarcely be detected. 


Knots 


A great number of knots have been devised, of which a few only 
are illustrated, but those selected are the most frequently used. In 
Fig. 10 they are shown open, or before being drawn taut, in order 
to show the position of the parts. The names usually given to them 


are: 

A. Bight of a rope. P. Flemish Loop. 

B. Simple or Overhand Knot. Q. Chain Knot, with toggle. 

C. Figure 8 Knot. R. Half-hitch. 

D. Double Knot. S. Timber-hitch. 

FE. Boat Knot. T. Clove-hitch. 

F. Bowline, first step. U. Rolling-hitch. 

G. Bowline, second step. V. Timber-hitch and Half- 

H. Bowline completed. hitch. 

I. Square or Reef Knot. W. Blackwall-hitch. 

J. Sheet Bend or Weaver’s X. Fisherman’s Bend. 
Knot. Y. Round Turn and Hali- 

K. Sheet Bend, with a toggle. hitch. 

L. Carrick Bend. Z. Wall Knot commenced. 

M. Stevedore Knot completed. | AA. Wall Knot completed. 

NV. Stevedore Knot com- BB. Wall Knot Crown com- 
menced. menced. 

O. Slip Knot. CC. Wall Knot Crown com- 

pleted. 


The principle of a knot is that no two parts, which would move in 
the same direction if the rope were to slip, should lie alongside of and 
touch each other. ; 

The bowline is one of the most useful knots, it will not slip, and 
after being strained is easily untied. It should be tied with facility 
by every one who handles rope. Commence by making a bight in 
the rope, then put the end through the bight and under the standing 
part, as shown in G, then pass the end again through the bight, and 
haul tight. 

The square or reef knot must not be mistaken for the “‘granny”’ 
knot that slips under a strain. Knots H, K, and M are easily untied 
after being under strain. The knot M is useful when the rope passes 
through an eye and is held by the knot, as it will not slip, and is easily 
untied after being strained. : 

The timber hitch, S, looks as though it would give way, but it will 
not; the greater the strain the tighter it will hold. The wall knot 
looks complicated, but is easily made by proceeding as follows: 
Form a bight with strand 1, and pass the strand 2 around the end of 
it, and the strand 3 round the end of 2, and then through the bight of 
1, as shown in the engraving Z. Haul the ends taut when the ap- 
pearance is as shown in the engraving 4A. The end of the strand 1 
is now laid over the center of the knot, strand 2 laid over 1, and 3 over 
2, when the end of 3 is passed through the bight of 1, as shown in 
the engraving BB. Haul all the strands taut, as shown in the engrav- 
imoiG Gy 

The efficiency of knots, as determined at the Massachusetts Insti- 
tute of Technology, is given in Table 7. The efficiency compares 
the strength of the knots with the full strength of the rope. 


ROPES 


Wire Rope 


Standard wire rope for hoisting purposes is composed of 6 strands 
and a hemp center with 19 wires to the strand. Extra pliable 
hoisting rope is of two constructions, one composed of 8 strands and a 
hemp center with 19 wires to the strand and the other of 6 strands 
and a hemp center with 37 wires to the strand. Standard coarse laid 
rope for haulage is composed of 6 strands and a hemp center with 7 
wires to the strand. Ropes are made of Swedish iron, cast steel, 
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Fic. 1o.—Knots, hitches and bends. 


extra strong cast steel, plough steel and improved plough steel. 
Special tiller rope, hawsers, ship’s rigging rope, etc., are also made of 
them. Particulars may be obtained of the makers. 

Sweedish iron rope is soft, tough and pliable and is especially 
adopted for passanger elevators and similar service where the ten- 
dency to abrasion is slight, the speed high, the loads moderate and the 
arrangement of the sheaves such as to produce severe bending stresses 
in the rope. Other materials are used when it is desired to obtain in- 
creased strength or security without increasing the diameter. Cast- 
steel rope is used for general hoisting. Coarse laid rope is much 
stiffer than standard hoisting rope and requires larger sheaves. A 
higher factor of safety should be used as the breaking of one or two 
wires materially reduces the strength. Tables 8-11 give the par- 
ticulars of the leading brands as made by the John. A Roebling’s 
Sons Co. and bring out clearly the progressive increase of strength. 
The diameter of a wire rope is that of a true circle enclosing the rope. 


Splicing Wire Rope 


Wire rope is susceptible of almost perfect splicing and the opera- 
tion is so simple that it may be learned in an hour by any mechanic 
who is at all skillful in the use of ordinary tools. For all kinds of 
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transmission rope the long splice is used and should not be less than 
16 ft. in length for 4 in. rope and increasing to 30 ft. for the 
larger sizes. 


Where the splicing must be done in position, rope blocks are used 


TABLE 7.—EFFICIENCY oF KNoTS 


Timber S Rope dry, 
Eye- hitch, | Bowline oe Flemish | average of 
splice Short round slip noe 5 loop, four tests 
over an splice in| turn, knot, WiceN ere over- from the 
iron the and clove eno%, hand same coil 
thimble rope half- hitch Bhect knot as the 
hitch pee? knots 
90 80 65 60 50 45 100 


to draw the wire rope taut, as in Fig. 11, care being taken to make 
fast far enough from the ends to leave plenty of room for the splice 
and the men who make it. If possible, it is better to hold the rope 
taut, mark the splice on both ends, by securely winding with No. 20 
annealed-iron wire, throw it off the sheaves and make the splice on 
the floor or staging, as may be most convenient. 

The strands of both ends are unlaid, back to the points wound 
with wire, the hemp core cut off and the ends brought together with 
the strands interlaced, Fig. 12. Any strand, as a, is unlaid and 
closely followed by the corresponding strand 1 of the other end of 
the rope which is pressed closely into the groove left by the unlaid 
strand. The unwinding of one strand and the inwinding of the other 
are continued until all but about 12 ins. of strand are inlaid, when 
a is cut off at the same length with a sharp chisel. See Fig. 13. 
Strands 4 and d are next treated in the same way and the process 
is repeated with each pair of strands until all are laid and cut as in 
Fig. 14. Y 

Around each point where the free strands cross, a few turns of 
stout twine are made and the length of the splice is bent and worked 
in all directions until the tension in all the strands is equal and the 
rope as flexible there as elsewhere. If this is not done and there is 
more tension in some of the strands than in others when a stress is 
put on the rope, these strands will pull into the rope, making a bad- 
looking and weak splice. 

Next, the open or free ends of the 12 strands are carefully trimmed 
and served or wound with fine wire, and two rope and stick clamps, 
Fig. 15, are secured to the rope, one on each side of an end crossing, 
as in Fig. 18, for the purpose of aiding in tucking the strand ends 
into the middle of the rope. 

There are two ways of tucking in these ends. They are first 
straightened with a mallet. The long ends of the rope-clamp handles 
are twisted in opposite directions, separating the strands and exposing 
the hemp core, which is cut off and pulled out between the points 
to where the tucked-in strands will reach and the ends forced into 
the place formerly occupied by the core. 

This is most easily done with the aid of a marine spike, which is 
passed over the strand which is to be tucked and under two strands 
of the rope, Fig. 16, and moved along the rope spirally following the 
lay and forcing the free end into the core space, Fig. 17. 

In the other method the strands are more widely separated by 
untwisting the rope with the clamps, Fig. 19, slipping the free end 
in between the strands and correcting slight kinks by the use of a 
mallet. 

The order in which the ends are tucked in is immaterial. Some 
operators prefer to tuck all the ends pointing in one direction before 
any of those pointing the opposite way, while others finish each pair 
of ends in series. 

If the foregoing directions are intelligently followed the splice will 
be uniform with the rest of the rope, of nearly equal strength through- 
out, and after a few hours’ use it will be almost impossible to detect 
the splice. (F. L. Jounson Power, Jan. 30, 1912). 
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Fics. 11 to 19.—Splicing wire rope. 


Hoisting Drums 

A superior construction of large hoisting drums, including the lead- 
ing dimensions, by the Nordberg Mfg. Co. (Am. Mach., Sept. 21, 1899) 
is shown in Fig. 20. The customary practice with such drums is to 
have a number of spiders, four or five, at different points of the shaft 
for supporting the drum. These drums are, however, of consider- 
able length and great stiffness, and the long shafts, instead of sup- 
porting the drum, should be supported by the drum. The drum 
shown rests on two spiders only, one at each end, the shaft being 
supported by tension rods from the shell of the drum. The detail 
drawing of the drum, Fig. 20, shows plainly the mode of construc- 
tion. In Fig. 21 the position of the spiders is represented before the 


longitudinal rods A, Fig. 22, are put in. The deflection of the shaft 
is considerable, making the distance « between spiders on top less 
than «; on bottom. This deflection also causes the weight to come 
entirely on the edges of the bearings nearest to the drum. In 
erecting the drum, rods A are first put in place, and their tension is 
so adjusted as to make the faces BB, Fig. 22, perfectly parallel and 
bearings e level. Then the drum shell is put in place, and lastly the 
diagonal tension rods are so adjusted as to take out the deflection 
in center of shaft, as shown by d, Fig. 22. The shell and spiders 
are of abundant strength to transmit the whole power of the engines. 
There is a reel on each end, mounted on shafts inside the drum, for ° 
taking up the slack rope. 
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Fic. 20.—Nordberg construction of large hoisting drums. 


B 


Fic. 22. ? 


Fics. 21 and 22.—Method of erecting the hoisting drum 
shown in Fig. 20. 


Durability of Wire Rope 


The durability of wire ropes formed the subject of a paper by DANIEL 
Avamson (Proc. I. M. E. 1912) from which the following is taken. 

If the wires are too large they are stressed considerably when pas- 
ing over the pulleys, and accordingly the material is quickly fatigued 
and the wires break. Smaller wires, on the other hand, are more 
quickly worn through by rubbing against the pulleys and against 
their neighbors in the body of the rope. 


Investigations of the durability to be expected from consideration 
of working stresses lead to calculated results that are never experi- 
enced’ and that cannot reasonably be expected, and it must be taken 
for granted that abrasion is the principal factor in limiting the life 
of wire ropes. 

Comparing two ropes of equal size, one from wires half the diameter 
of the other, when the rope of finer wires is passing over the pulley, 
there being four times as many wires in it, the pressure at each point 
of contact between the rope and the pulley and beween the individual 
wires of the rope may be assumed to be one-quarter of what it is 
in the rope of larger wires. The wires being of half the diameter 
the damage done to them by contact, even under this lower pressure, 
will be at least half as much as occurs to the coarser wires in the other 
rope, and this half damage done to a wire of one-quarter the sectional 
area will result in the cutting through of the wire in half the time, so 
that the effect of abrasion upon the rope of finer wires will be twice as 
great. Ifa smaller pulley be used for the rope of finer wires, as sug- 
gested by some authorities, the pressure at the points of contact and 
the stress due to bending will be proportionately increased, so that 
it may reasonably be expected that with a pulley diameter bearing 
the same proportion to the diameter of the wires, the life of the rope 
with fine wires will be one-quarter of that of the rope of coarser wires 
working over a pulley of correspondingly increased diameter. 

Mr. Adamson quotes from experiments by A. S. B1GGART (Proc. 
I. C. E., Vol. tot) on apparatus consisting of two pulleys around which 
the rope under trial was passed, the lower pulley being weighted to 
give the required tension on the rope which was passed, under a nor- 
mal working load, to and fro over the pulleys until breakage ensued. 
Experiments were repeated with different diameters of pulleys and 
different makes of rope. 
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TABLE 8.—STANDARD HOISTING Rope CoMPOSED OF 6 STRANDS Extra Strong Cast Steel 
AND A Hemp CENTER WITH I9 WIRES TO THE STRAND x - = - 
; $ F i- O ; 
Swedish Iron Approxi- | Approxi- ees eae Diameter 
5 mate working 
: Diameter, mate cir- mate of drum or 
F . | Approxi- : ‘i A strength, | load, tons i 
Approxi- | Approxi- nate Proper |Diameter of ins. cumfer- weight Ping ek SRoreae sheave in ft. 
Diameter, | mate cir- mate working drum or ence, ins. |per ft., lbs. advised 
strength | 2000 lbs lbs 
ins. cumfer- weight i ox ~s | load, tons | sheave in ft. : : 
ence, ins. /per ft., lbs. es ibs. | of 2000 lbs.| advised 25 83 DT 05; 243° 48.6 Il 
= | | ol 2h 715 9.85 200 40 10 
23 8s II.95 IIL DR | 7 } 74 8 160 32 9 
2} 74 9.85 92 18.4 I5 2 6} 6.3 123 24.6 8 
2t qk 8 72. I4.4 I4 1} 52 5.55 112 22.4 8 
2 6} 6.30 55 Il | 12 . 
1} 5 Ho || Be 10 | ae 1? 53 4.85 99 19.8 7 
13 Sa 4.85 | 44 Sas II 1s 5 4.15 83 16.6 64 
| | 1} 4% 3.55 73 14.6 6 
13 | 5 ALS a SS | es a0) 13 4h 3 non 12.8 5} 
rh Ae Ta Be Soe fa 9188 | G5 9 1} 4 2.45 53 10.6 5 
13 4% | 3 ess Roh 8.5 
1} 4 2.45 225 Sa Ae sO Hoe I 33 | 2 43 8.6 44 
1% 32 2 S.C nnn sne72 7 I 3 | 1.58 34 6.80 4 
t 22 I.20 26 5.20 34 
ie 3 | 1.58 T425 2.90 6 3 ai | 89 20.2 4.04 3 
t 22 | I.20 | 11.8 2.36 5.05 § 2 nz I4 2.80 2k 
zh 89 8.5 1.70 4.5 | 
é i 62 6 1.20 4 ts 1% .50 it, 2.24 2} 
16 1} | 50 4-7 | 94 Bars + 1} 39 9.2 1.84 2 
1 | 1 | | 1s 1 | +30 25 eas af 
a Iz -39 | 3.9 78 3 3 1} 122 5.30 1.06 14 
Te 1} -30 2.9 .58 w as I ei B50) .70 r+ 
3 rz 22 2.4 .48 2.25 4 4 . 50 2.43 49 I 
6 | +15 Hees -30 2 
3 x | on | i 22 1.50 
Gast Steel Plough Steel 
a : Approxi- Proper 6 . P A i- 
Approxi- | Approxi- at Bites Diameter Approxi- | Approxi- mai ve Diameter of 
Diameter, mate cir- mate @ drum or Diameter mate cir- mate See ee drum or 
; 2 strength, | load, tons : : “ P strength, | load, tons 
ins. cumfer- weight ried ae as sheave in ft. ins. cumfer- weight t f : sheave in ft. 
ence, ins. |per ft., lbs. te ane Ibs advised ence, ins. |per ft., lbs. of ae 2 Ante advised 
2% 83 OS 211 42.2 II 2% 83 II.95 275 55 II 
1 oa 
: ee les cc cee ea a Teocal@| eee oles . 
Fs | ; | I 37 9 
2 64 | Gaze |W sae 21.2 8 2 64 6.3 140 28 8 
I} 5i 5:55 96 19 | 8 1% 3 Bos, 127 25 8 
1} 53 4.85 85 17 7 13 5t 4.85 112 22 7 
1} 5 [srs 72 14.4 63 13 5 4.15 04 19 64 
1} 4? RS 64 12.8 6 13 42 BE55) 82 16 6 
13 4% Se 56 Tile2, 53 13 4% 3 72 14 54 
1} 4 2745] 2a, 9.4 5 it 4 2.45 58 12 5 
1} 3} 2 38 | GG 4 I 33 2 a | thar 4} 
I 3 T.58 30 a6 4 I eB 1.58 38 7.6 4 
i 2t ies 2X0 23 4.6 34 t 2% I.20 29 Boe 3h 
: 2% 89 | 17-5 3-5 | 3 i 23 .89 23 4.6 3 
3 2 62 12.5 BAIS | 2k § 2 .62 I5.5 Bet 24 
| | 
ou} 13 .50 Io 2 | 2k pr | 12 .50 Tas Pil 2} 
3 1 a0; Sal) = yard 1168. | prae 3 lee et 39 x05 = : 
is ee: SORE sms oe | mg ts 14 .30 8 TAG 13 
3 | 38 . 
S | 22 | 4.8 .96 i x é IF «22 Sees Te) 14 
Be i Saat ane 202 ni 3 ois I AG 3.8 .76 rk 
} 2 .10 222 -44 I 4 | 2 oO 2.65 53 I 
Improved Plough Steel 
: Approxi- Proper is 
a Approxi- | Approxi- eee ocean Diameter Approxi- | Approxi- Ser Proper Dimer 
iameter, mate cCir- mate eicnaent (oad ee of drum of Diameter, mate cir- mate are: ONS of drum of 
ins. cumfer- weight ¢ 2 ei f ; jsheave in ft. ins cumfer- weight staength, | load, tons lsheave in ft 
: ons 0 of 2000 : ; : 
ence, ins. | per ft., lbs. Saoelbs lbs advised ence, ins. | per ft., lbs. ee a advised 
: . Ss. Ss. 
3 S 
Js 83 ies 63 II 1} 3} 2 56 II 4h 
2 7 = o ps Ss : : pecs 45 9 4 
af | eS A ae 42 9 | t 24 I.20 35 7 3h 
ae ata al 33 2 he Rovere 
| Sa 5-55 150 30 8 $ 2 62 19 3.8 24 
| | 
a | wi “ 
| pa 4 “ 133 27 di 16 # .50 TAs 2.9 2h 
- | s : : ee | 22 | 64 3 39 E250 204. 2 : 
| ee 
a | ; 5 9 20 6 | 16 1 .30 9.4 1.9 1 
Ig 44 3 84 17 53 2 ih 22 6.75 1.35 1} 
13 5 : j ‘ 
rs | 4 2.45 69 I4 5 oe Is 4.50 6 1} 
+ t 10 Sits 63 I 
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TABLE 9.—ExtrA PLIABLE HoistiNc Rove Composep oF 8 STRANDS AND A Hemp CENTER WITH I9 WIRES TO THE STRAND 


Cast Steel Plough Steel 
5: ; Approxi- Proper : i 
me Approxi- Approxi- ae odeg Diameter Approxi- | Approxi- APPrOXi- EeOPss Diameter of 
sects, mee ee es Strength, | loadrtons | “"™.% Diameter, mate cir- mate oe working | drum or 
ins, cumfer- weight eee , of ms sheave in ft. ins. cumfer- weight strength, | load, tons sheave in ft 
ence, ins. |per ft., lbs. i i e f nee i , 
per ft., lbs Bons tbe tie: advised ence, ins. |per ft., lbs. eae oe c ee advised 
I} 4% 3.19 58 11.6 3.75 14 43 Beno 74 14.8 Bots 
4 4+ 2.70 51 10.2 yes ri 4t 2.70 64 12.8 3.5 
I; 4 2.20 42 8.4 3.2 I} 4 2.20 52 10.4 3.2 
1} 34 1.80 34 6.8 2.83 1} 3h 1.80 43 8.6 2.83 
I 3 1.42 26 ee) a5 i iB 1.42 343) 6.6 Bay 
$ 23 1.08 20 4 220 t 24 1.08 26 (av) 2.16 
i 2t 80 15.3 3.06 1.83 3 2} .80 20 4 1.83 
e * .56 10.9 2.18 TTS: 4 2 .56 I4 2.8 r.75 
+ o aS 8.7 1.74 tes vs 1} «45 11.6 2.32 1.50 
1} =a5 7.3 1.46 Aste 3 1} sas 8.7 1.74 E233 
: 1} 27 | yi 1.14 1.16 AE rt 127 6.90 1.38 1.16 
A by ei 4.2 84 I : 4 1} .20 5.12 1.02 I 
t =a a7 ; ; 
z ; 75 55 3 vs I nie} 3-35 67 83 
3 3 .09 1.80 36 75 4 a .09 BD +45 THs 
Extra Strong Cast Steel Improved Plough Steel 
| 2 F A Pons | Pp ; i 
: Approxi- | Approxi- at : baie Diameter of Approxi- | Approxi- EDDC: PEODEE Diameter of 
Diameter, mate cir- mate : ae drum or ‘ : Z mate workin 
strength, | load, tons Diameter, mate cir- mate 2 drum or 
ins. cumfer- weight , : sheave in ft. : i strength, | loads, tons i 
Pag Sener tons of of 2000 ae ins. cumfer- weight aes oe Bb sheave in ft. 
i et} + lbs. 2000 Ibs, hee advise erence, ins.| per ft., lbs. Rene tee hs advised 
1} 42 3.19 66 f sets 3275 1} 43 aL 80 16 3-75 
rg | 4} 2.70 57 | II S05) 13 4} 2.70 68 13 3.5 
It ey 2-205 ae 9.4 3.2 ies 4 2.20 56 II 3.2 
1} 3} r8o | 938 7.6 2.83 1} 34 1.80 46 9 2.83 
I -42 a 
3 | 1.42 29.7 5.9 2.5 I 1.42 36 OE 225 
t 2: 1.08 23 4.6 2.16 t 23 I.08 28 5.6 2.15 
3 a} -80 E7.0 S25 1.83 ] 2 80 22 4.4 1.83 
4 | 2 56 I2 2S teas § 2 56 I5 3 Tes 
vs 1} 45 10.1 2 ios aoe 13 45 12 2.4 1.5 
3 1} 35 8 1.6 1.33 3 ie 335 9-5 1.9 T.33 
's ri 2 6.30 6 
: 2 = ; a £ - : aC TABLE 12.—COMPARISON OF ANTICIPATED LENGTH OF LIFE OF 
% : ee || Bae ee Ee Roprs ARRANGED AS SHOWN IN FIGs. 5 TO 11 
3 3 0 2.02 -40 uy : . . 
} 3 9 + 73 Fig. No. Number of bends Relative life of rope 
The effect of oiling the ropes was found to be very beneficial, in- cid t ae 
creasing the life of a given rope by two or three times. Experiments 25 = Eee 
were also made to ascertain the effect on the life of a rope of running = 3 7S 
it over pulleys so arranged that the rope was subjected to reverse 27 7 a 
stresses, Fig. 23. The results obtained from_this series of experiments = ce ad 
: : ee pale 
showed that, generally, the life of a rope working under such conditions =o ie ae 
30 II 25 


was only one-half as long as a similar rope bent in one direction only. 

The experiments show that when the first wire breaks, the rope may 
be assumed to have passed through one-half of its life, and as no one 
knowingly works a rope until it breaks entirely, then the breakage 
of even a few wires is a sign that a rope shouldbe carefully watched 
and replaced by a new one at an early opportunity. 

The effect of varying the proportions of diameter of pulley to 
diameter of rope is one of the most important features to be noticed. 
Speaking generally, Mr. Biggart’s experiments show that increasing 
the diameter of the pulleys by an amount equal to two circumferences 
of the rope will double the life of the rope. This is approximately 
correct for all the varieties of rope and conditions experimented with, 
and may therefore be taken as equally correct for all the varying 
conditions under which cranes are worked. It is very remarkable 
that so simple a rule should evolve from such numerous and varied 
experiemnts. 

These conclusions enable one to express a definite value for the 
effect upon the durability of ropes, of the various arrangements of pul- 
leys that are commonly adopted in overhead cranes, some of which are 
illustrated in Figs. 24 to 30. Assuming that Fig. 25, in which the ropes 
make three bends in working, namely, one at the upper drum and one 
on each side of the lower pulley, 7.e., at entering and leaving, is the 


l1Tncluding one reverse bend which is twice as effective in wearing out 
the rope. 


TABLE 13.—REQUIRED INCREASE IN DIAMETERS OF Ropr Drums 
(MEASURED IN TERMS OF CIRCUMFERENCE OF RopE) RE- 
QUIRED TO GIVE EQUAL DURABILITY 


Fig. No. 
26 I circumference of rope 
a 23 circumferences of rope 


| Increase over diameter called for by Fig. 25 


28 4 circumferences of rope 
20 3 circumferences of rope 
30 4 circumferences of rope 


arrangement most frequently adopted in practice, and representing 
the anticipated life of the rope under these conditions by 100, then 
the relative lives of the ropes in each of the other arrangements in- 
dicated will be shown in Table 12. 

If it be desired to design each of the above arrangements of pulleys 
so that the ropes shall have equal durability, then the ratio of the 
drum diameters to rope circumferance (if the law mentioned above 
is to be relied upon) must be increased, as shown in Table 13. 
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TABLE Io. EXTRA PLIABLE HOISTING Ropes CoMPOSED OF 6 STRANDS AND A HEMP CENTER WITH 37 WIRES TO THE STRAND 


Cast Steel Plough Steel 
foe al ences, | ll ie Sah | =ez ; : Approxi- Proper |... 
| Approxi- | Approxi- eee | aun Diameter ot Approxi- | Approxi- 0 eS ae Diameter of 
Diameter, mate Cir- mate 3 drum or Diameter, mate cir- mate drum or 
. : strength, | load, tons : 4 ; strength, | load, tons h in ft 
ins. | cumfer- weight sheave in ft. ins. cumfer- weight sheave in ft. 
i Ets srt sor OMS dvised ence, ins er ft., lbs nope OP advised 
ence, ins. [per ft., Ibs.| 97 tee. advise TLE ipo | 2000 Ibs. lbs. 
2} 8} TOS 200 | AO oN ewe As arprceees 23 88 TAOS 265 $3 ol eee 
23 7% 9.85 160 B25) el ees a 62 9.85 214 430. © (Nek eee 
2t 7% | 8 | 75 ih Se an, \ige Renn er Ree ar ai at 8 175 38). al - ae 
2 6+ 6.30 105 2I Ste 36) oun coord 64 6.30 130 26 eet, Ce check 
fy 52 Betis Ny Beh 17 lbgotne5ecer 13 53 4.85 108 1 aoe 0 ae ne 
| | | 
1% | 5 | HeSitge))) Gi 14 <a a e 15 5 | 4.15 90 1S: Aes eee 
13 | 1 | SSS | OB | 12 3.75 13 4a | 3.55 80 16 3.75 
13 | 4} | 3 | 85  aehe 3 1% 4} 3 68 14 355: 
1} 4 2.45 45 9 | BE rt 4 2.45 55 II Be 
re | ee 2 34 Vee 27. |) 282 1} 3 2 44 9 2.83 
| | | 
I 3 ieee | | 29 | 6 | 2.5 I 3 1.58 35 7 25 
z 23 2 On 23 | 5 2.16 4 23 1.20 27, 5 2.16 
i 2t 89 Wipes | Bos E383 Ey 2k 80 2 | 4 | 1.83 
$ 2 My | ew 2.2 | rea WS 4 2 62 14 z | 1g 7A 
| | 
ts 1 +O 7) One al 1.9 1.5 is 13 .50 cS) 203 18 
2 1} 30a) 7-25 | 1.45 1533 $ 1} -39 Ono25) || 1.85 1.33 
is 1} SO) inate | t.£ I.16 ae It 230) gD I.4 | 7.10 
= ; If i22. | 4.2 84 I FA 14 e272 i | I I 
Extra Strong Cast Steel Improved Plough Steel 
; ; Approxi- | P ; 2 | ; | i- 12 F 
; | Approxi- | Approxi- sea ene Diameter of | Approxi- Approxi- Sept ees Diameter of 
Diameter, mate cir- mate Se oe | drum or Diameter, mate cir- mate ees lead a drum or 
ins. cumfer- weight ee 4 ee ee sheave in ft. ins. cumfer- weight eats a ee sheave in ft. 
ence, ins. [per ft, lbs. i ins. : i 
[P 2000 Ibs. ie. advised ence, ins. |per ft., lbs Be his ie advised 
at 83 | 11.95 233 47 hey Sa 2i 8$ II.95 278 CP ns 
as | 7$ | 9.85 187 EU owt OMe ee ak 74 9.85 225 ie a 
24 | he 8 150 (eS OMI ||P rr hoe ot 74 8 184 37 ens Soe 
en oF 6.30“ ITF Oe Oe Nhe deh cel es As 2 3 6.30 137 27 1) Nevwwaeer a eo 
1% 52 42:35 | 95 TO alee aentoen 1? 53 4.85 113 23 Wester dere ee 
1% 5 ) 4.15 79 LO Ba estan tee g 5 4. 95 19 ot 
1 3 | | | 
ue ai | B55 71 14 30785 1} 43 3.55 84 17 SHS 
ze 46 | 3 61 | I2 3 I 4h 3 Wa 14 3050 
i $ 2.45 50 | 10 3.20 1¢ 3 4 2.45 58 It | 3.20 
Is 33 2 39 8 2.83 I} 34 2 46 9.2 PY IS 
\ 
rs | on 1.58 32 | 6.4 AS I 3 58 37 7.4 2.50 
( 24 20 25 | 5 2.16 t 23 I.20 29 5.8 2.16 
: 2t 89 19 3.8 1.83 3 2h 89 23 4.6 1.83 
e be 62 12.6 2.5 1.75 $ 62 16 aD 1-75 
2 25 | 50 10.5 2.1 25; is 13 50 12.5 2 is 1.50 
1 x 
a - | 39 8.25 1.65 733 2 1} 39 9.75 I i233 
a = | 30 6.35 27 Ten BN) he th 30 7.50 1.5 1.15 
3 Is 22 4.65 93° «C&S; I 3 It 22 5.30 1.06 I 
Three Bends, 
One Bend Three Bends One Reverse 
n 
Fic. 23. Fic. 24. Fic. 25. Fic. 26. Seven Bends 
ae FIG. 27, 
j=) 
Eleven Bends peven, Bends, Eleven Bends, Three Bends, 
Fic, 23. ne Reverse One Reverse Large Bottom Pulleys 
Fic, 20. Fic, 30- Bia.gt 
3 


Fics. 23 to 31.—Various arrangements of wire ropes on cranes. 
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TABLE 11—STANDARD COARSE Lam Roper FOR HAULAGE AND TRANSMISSION COMPOSED OF 6 STRANDs AND A Hemp CENTER WITH 7 WIRES 
TO THE STRAND 


Swedish Iron 


Extra Strong Cast Steel 


raul : Approxi- Proper : r ; i- Di : 
Approxi- | Approxi- sas sie a Diameter of Approxi- | Approxi- tiie ed Diameter 
: 2 mate cir- | mate 2 drum or F 2 mate cir- mate hae Ne eetnes of drum or 
_ Diameter, ins. er : strength, | load, tons a Diameter, ins. ne strength, | load, tons ‘ 
cumfer- weight, sheave in ft. ‘ cumfer- weight | . {sheave in ft. 
ence, ins. |per ft., lbs oases af 2000 advised ence, ins er ft. lbs ee fons of dvised 
= : | Seidler ° | _2000 Ibs. _ Ibs. “ pM AIOE Fra ileke | aoe lees | eee 
cs | 43 feeesass 2 6.4 16 14 43 8.85 aS 14.6 iat 
13 4} | 2 28 iG 15 1% 4t a 63 12.6 10 
rt 4 | 2.45 | 23 4.6 13 1} 4 2.45 54 10.8 9 
1% | 35 | 2 19 3.8 12 1} 3 2 43 8.6 8 
I | 3 5S. | 15 3 10} I 3 1.58 B5 7 a 
t 2¢ | eee A Bre 204 ) i 24 it 20 28 5.6 6 
3 2i | 890 | 8.8 je ma a 2} .89 QT Bee i 
w | 24 syis rhe TS 7t te 24 Sis 16.7 33 4¢ 
$ | 2 .62 6 nae 7 § 2 .62 14.5 2.9 44 
16 13 SO 4.8 06 6 te 1% .50 ica 22 4 
i 
t } 1 Re | ay, | aTay 53 2 1} .39 8.85 1.8 3% 
Ts I} 2an $6 aor} 44 a 1} 30 6. 25 re 3 
3 tt | 22 | a ~44 4 3 1} 222 eos I.05 24 
ts I | ers aly tary 34 34 is I AS 3.95 79 2t 
ae } | 125 Tae 24 3 ey] i 124 2.95 .59 13 
Cast Steel Plough Steel 
- aa , : Approxi- | Pro . : : A jo a 
Approxi- | Approxi- | oe | aes Diameter of Approxi- | Approxi- ae ae Diameter 
: " | mate cir- mate | : drum or Rann A mate Cir- mate kas eis of drum or, 
Diameter, ins. | : strength, | load, tons P Diameter, ins. : strength, | load, tons : 
| cumfer- | weight | sheave in ft. cumfer- weight sheave in ft. 
| ence, ins. ler Th... 1bs: cease MOI advised ence, ins. |per ft., lbs EER RS advised 
: ; 2000 lbs. | 2000 lbs. : i ‘| 2000 lbs. lbs. 
1 43 ess 63 | T2060 Tey 14 42 Baas 82 16.4 TL 
13 4} S 53 | 10.6 10 Is 4¢ 3 72 14.4 10 
1G 4 2.45 46 9.2 9 It 4 2.45 60 12 9 
1 33 2 37 her 8 Ig 33 2 47 9.4 8 
I 3 reso 31 One i 3 lees S 38 7.6 bf 
i 23 1.20 24 4.8 6 t 2a I.20 3 ae 6 
g at e800 W826) | 3-7 5 ZI 2h .89 23 4.6 5 
te 2t SRS iat Seu 4t ts 25 75 18 326 44 
§ 2 .62 13 | PAG) 44 = 2 .62 16 Bee 44 
& 13 .50 Io | 2 | 4 vs 13 +50 | 12 ane 4 
| | 
2 13 39 Toi 15 33 3 I? .39 10 2 33 
T6 1} 30 SS ais 5 Te I; .30 7 1.4 3 
g 1} 22 4.6 Oe 22 $ | Ig .22 519, Tee 23 
16 I 15 355 70 2k is I 5 4.4 88 2 
= z .124 2.5 ie .50 ; 13 : az a E's ees .68 fies 
It is quite usual for purchasers to specify in their inquiries that the 
Improved Plough Steel diameters of the pulleys and drums must bear a certain relation to 
== the diameter of the rope, but this stipulation is not sufficient in itself 
Approxi- | Approxi- | eae aN P ed | Diameter without some consideration being also given to the arrangement of 
= mate WOrTkKIn 
Pisecte ind, | — strength, | load as fo eee the rope and pulleys. 
cumfer- weight | ons of of 2000 Pee i If the generally accepted ratio of seven circumferences, or twenty- 
ins. ft, bss} advise : : 
caecaaaigs wtt® * 2000 Ibs Ibs. two diameters, of the rope for the diameter of the barrel be assumed as 
1} | 4t 3.55 90 18 | II suitable for the drum and pulleys as in Fig. 25, then the diameters 
1S | 4a 3 79 ao ue for the other figures, to give equal durability, should be as shown in 
1} 4 } 2245 67 13 9 Table 14 
1 i | (6) 8 f 
ss a pes hs ; To make the comparisons quite fair between the different arrange- 
t 3 | ras 2 8.4 7 — q 
ments it must now be pointed out that, owing to the increased number 
5 os I. oe | 33 6.6 . of falls of rope adopted in Figs. 27 and 20, the size of the rope may be 
a a ee | is - - reduced as shown in Table 15 while retaining the same factor of 
16 8 | “fo | = a : 
§ 2 | 62 174 3.5 4h safety. 
Ys a SOOM ea 2.6 4 Combining the figures given in Tables 14 and rs will give drum and 
16 4 2 | g§ § 
| 4 pulley diameters as shown in Table 16. 
re | | y a ‘ . . 
a af oes = ‘ : Be The noticeable feature in the last table is that whether two, four, 
ye Ij 30 4 : : : 
re a 22 \ I 2h or six falls are adopted, the diameter of the drum and pulleys should 
8 E. ! a 


TaBLE 14.—RAtTIO oF DIAweTER OF PULLEYS AND DRUMS TO 
CIRCUMFERENCE OF Rope TO Give EouaL DuRABILITY 
Fie. N Ratio of pulley and drum diameter to 
: ; rope circumference 
24 4totr 
25 7 tor 
26 8 tor 
27 9.5 tor 
26 I1rtor 
29 Io to I 
30 Ir tor 
TABLE 15.—RELATIVE Rope CIRCUMFERENCE ALLOWING FOR 


SMALLER Ropes Due To IncREAsED NumBer OF FALIS 


“Fig. No. 


Number of falls Relative rope circumference 


24 2 I40 
25 4 I00 
26 4 100 
27 8 70 
28 12 57 
29 8 70 
3° 12 57 


remain about the same if the ropes are to have equal durability (com- 
pare Figs. 27 and 28 with Fig. 25). It is clear that very large pro- 
portions are necessary to insure a reasonable life for ropes on cranes 
with many falls of rope. Reference to Fig. 26 and Fig. 29 in Table 
16 shows the increase that should be made in the diameter of the drum 
and pulleys if a reverse bend occurs in the run of the rope. 

In Fig. 25, as already mentioned, the ropes make two bends at the 
lower pulleys to one at the drum, and therefore, if the lower pulleys 
are made of the same diameter as the drum, they will be responsible 
for two-thirds of the wear and tear of the rope. It is usually difficult 
to increase the diameter of the working barrel or drum of a crane, 
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TABLE 16.—DruM AND Pouttey DraMETerS RESULTING FROM A 
COMBINATION OF TABLES 14 AND I5, AND STILL ASSUMING THAT 
100 REPRESENTS THE CONDITION IN FIG. 25 


Rane of pulley a : é Resultant pulley 
, drum diameter to | Relative circum- : 
Fig. : and drum diameter 
rope circumference | ference of rope as A 
No. | . assuming 
according to per Table 15 : 
Fig. 25=100 
Table 14 
24 4 140 E 80 
25 7 100 100 
26 8 100 II4 
27 92 70 95 
28 1054 Ri go 
20 | se) 70 100 
30 II 57 go 


because to do so affects the ratio of the gearing and also requires a 
much larger framework with a correspondingly greatly increased 
cost of manufacture, but if it is agreed, as a result of Mr. Biggart’s 
experiments, that increasing the diameter of the pulley, over which a 
loaded rope passes, by an amount equal to twice the circumference 
of the rope, reduces the evil effects of bending the rope round it to 
one-half, then a simple means of improving the durability of crane 
ropes is immediately at the disposal of the designer, namely, to in- 
crease the diameter of the pulleys in the blocks, leaving the drums of 
the original size, as indicated by Fig. 31. This alteration can usually 
be effected without serious alteration of the design, and may even be 
carried out on existing cranes. 

The result of increasing the diameter of the pulleys, as shown by 
Fig. 31, by an amount equal to two circumferences of the rope, will 
be that the effect of the double bend around the lower pulley is 
halved, and the resultant effect of the three bends will be equal to 
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Fic. 32.—Arrangements of rope drives in efficiency tests. 
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Fic. 33.—American efficiencies of British and American systems of rope driving. 


two only and the relative life of the rope will be increased by 50 per 
cent., or the drum diameter might be reduced by an amount equal 
to 1.2 times the circumference of the rope with a corresponding 
reduction in the size of the framework of the crab or winch, while 
still retaining a relative life for the rope equal to Fig. 25. In this case 
the diameter of the lower pulleys would only require to be about one 
circumference of the rope larger than the original size of Fig. 25. 

In making the foregoing comparisons of diameters of drum and 
pulleys with different arrangements of rope it has been assumed that 
the hook is raised to the full height available at each lift. This, 
however, is not the case in actual practice, the majority of loads 
not being raised one-half this height. 

This consideration brings to light another great advantage of 
Fig. 31 as compared with any of the others. Where, as is usually 


the case, the average height of lift in a shop does not reach half the 
maximum available, then that portion of the rope which passes under 
the lower pulley does not reach the upper drum, and accordingly is 
only subject to the wearing action of the two bends at the lower 
pulley. If, therefore, the effect of the bends at the lower pulley is 
reduced to one-half, by the proposed increase in diameter of the 
pulley, then the actual life of the rope will be doubled, instead of 
only being increased by so per cent. as was first assumed. 

Where there are more than two falls of rope, as in Figs. 27 and 28, 
the effect of increasing the diameter of the pulleys by an amount 
equal to two circumferences of the rope is also very marked, re- 
ducing the effect of the seven bends in Fig. 27 to four and a half, 
with corresponding increase in the lift of the ropes. This shows up 
the fault of those designers who adopt large drums (in order to ob- 
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Fic. 34.—Various data from rope-drive efficiency tests. 


tain the great length of rope entailed by high lifts) and are yet con- 
tent to make the pulleys of small sizes, when they could enormously 
increase the durability of the rope by the adoption of larger pulleys 
at little extra cost. 

When the rope makes a reverse bend at the barrel, as in Figs. 26 
29 and 30, the barrel ought to be increased in diameter to counter- 
act the effect of the reverse bend. Thus, if in each of these cases 
the diameter of the drums were made larger by an amount equal to 
two circumferences of the rope, the durability of the rope would be 
equal to Figs, 25, 27 and 29 respectively. 

The “lay” of the strands and the lubrication of the rope when in 
use have each a considerable effect upon durability, Mr. Biggart’s 
experiments showed Lang’s lay ropes to have more than double 
the life of those of ordinary lay, and ropes that are oiled last more 
than twice as long as when this precaution is neglected, as already 
mentioned. The superiority shown by Lang’s lay naturally gives 
rise to the question as to why it is not exclusively used. The ex- 
planation given by rope makers is that such ropes must be very 
carefully handled to avoid “kinks,” and also they are found to be 
more liable to “spin.” 


Efficiency of Rope Driving 


Very complete tests of the efficiency of rope driving were made by 
E. H. Ahara at the works of the Dodge Mfg. Co. (Journal A. S. M. E., 
Aug. 1913). Both the British and American systems were tested 
and in each case the open and the up and over arrangements were 
included, the meaning of these terms being sufficiently explained by 
Fig. 32, which illustrates the constructions tested. The losses of 
the motor, jack shaft and intermediate drive were eliminated by 
taking preliminary readings from the prony brake applied to the jack 
shaft under all the various loads and speeds. One-inch manilla rope 
was used in all the tests. All bearings were of the ring-oiled babbitted 
type. 

The results of the tests are shown in Figs. 33 and 34. Most of the 
charts are self-explanatory, but, regarding the one relating to exact 
and differential drives, it should be explained that in the former 
the grooves of any one sheave were as nearly as possible of the same 
diameter, while in the latter the diameter of each groove was approx- 
imately 5 in. less than the preceeding groove, the eighth groove 
being ¢ in. smaller in diameter than the first one. The limitation 
of the tests of the British system to 112 ft. center distance was due 
to the dragging of the slack ropes on the ground when that distance 
was exceeded. 


CHAINS 


The leading types of chains used for power transmission are shown 
in Figs. 1 to 9, while Table 1 by H. E. Haywarp, engineer of 
experiments and tests, Link Belt Co. (Amer. Mach., Aug. 28, Sept. 4, 
1913 ) gives the uses to which they are put and the limiting speeds 
under which they should run. 


Crane Chains 


The strength of open and stud link crane and cable chains formed 
the subject of an elaborate investigation and analysis by Profs. G. A. 
GoopvENoucH and L. E. Moore (University of Illinois 
Bulletin No. 18). The authors conclude that the unit 
stresses on which the formulas of Unwin, Weisbach and 
Bach are based are much in excess of the values regarded 
as permissible in machine construction using reasonable 
factors of safety. The formulas proposed by the authors 
for the strength of chain links are: 

P=.4 d*s (open). 
P=.5 d*s (stud). 
in which P=load, lbs., 


: , Fic. 1. 
d=diameter of bar, ins., Crane or 
s=permissible unit stress, lbs. per sq. in. Open Link. 


The following conclusions are of interest as bearing 
upon certain general opinions held by engineers in regard 
to chains. “The introduction of a stud in the link 
equalizes the stresses throughout the link, reduces the 
maximum tensile stresses about 20 per cent. and reduces 
the excessive compressive stress at the end of the link 
about 50 per cent. 

“The stud-link chain of equal dimensions will, within 
the elastic limit, bear from 20 to 25 per cent. more 
load than the open-link chain. The ultimate strength 
of the stud-link chain is, however, probably less than 
that of the open-link chain. 

“Tn the formulas for the safe loading of chains given 
by the leading authorities on machine design, the maxi- 
mum stress to which the link is subjected seems to be 
underestimated and the constants are such as to give 
maximum stresses of from 30,000 to 40,000 lbs. per 
square inch for full load.” 

The loading of hoisting chains, as practiced by the Illinois Steel 
Co., is given in Table 2. The loads given are uniformly one-tenth 
the breaking loads. This company requires all chains to be annealed 
at least every six months. 


TABLE 2.—THE LOADING OF HoIsTING CHAINS 


= Size, ins. | ~ Safe load, Ibs. Mm Size, ins. | Safe load, Ibs. 
: | 305 } 1% | 10,525 
3 | 690 1§ 12,350 
2 | 1,230 | 13 14,325 
a 1,920 | 1} | TOVA5O) ¢ 
3 | 2,765 2 | 18,715 
I | 4,925 | 2} 22,440 
ri 5,925 | 2k 27,705 
1} 7,310 | 2% 33,530 
a) sige | 30,805 


The lay-out of sprockets for crane chains is thus explained by A. W. 
Jenxs, Chief Engr. Vulcan Iron Works (Amer. Mach., March 24, 
IQI0O). 

Cable chain is either hand-made or machine-made. 

10 


The machine- 


Roller. 


made, which is the cheaper quality, will be found very accurate in 
pitch and shape of links. The hand-made varies a little in pitch of 
links and the links will be found to vary considerably in shape, 
especially in the weld, which is at the end of the link. 

When it is intended to use a hand-made chain, the sprocket casting 
to be used is sent to the chainmaker who makes the chain over the 
wheel, fitting each link into place; thus making what is known as 
hand-made wheel chain. However, regardless of which chain is 
to be used, it is preferable to adopt the sizes given in manufacturers’ 
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Fics. 1 to 9.—Leading types of chains. 


catalogs for machine-made chain, as the proportions of the links have 
been adopted after long experience. 

Should the chain be on hand, it is wise to measure over some 18 
or 20 links, and obtain an average pitch per link. Extreme accuracy 
must be used in all operations or the sprocket will not turn out right. 

The following example, Fig. 10, covers the design of a 10-tooth or 
ro-pocket sprocket for 1-in. chain. It is first necessary to obtain 
the dimensions A and B. The chain catalogue gives the length of 
link W for 1-in. chain, as 4% ins. and the width of link w as 3} ins. 
From the length we find that A =3?ins. and B=1$ ins. The points 
XX are the pin centers upon which the links revolve when passing 
over the sheave. 

The next step is to find the pitch diameter D, which passes through 
these points XX as follows: 

Let N=number of teeth or of pockets in whole wheel. 


Hie) 

A=distance, center to center of link length. 
=34 ins: 

B=distance, center to center between two links. 
ase 
= 14 ins. 
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Angle y =- 


sin y 


sa y 
A 


Tan angles = 


. 30902 


Hg gis 
—~+ .951c6 
ee 95 


= .21707 


The tangent .21797 corresponds to an angle of 12° 17’ 46”, the 
sine of which=.21297. 


A Gi ; 
Pitch diameter ees Se 17.6081 ins. 
sing .21297 


As the pockets are not to be machined, allow ample clearance; 
make the pocket at least ¢ in. longer than the link, which will leave 
the width of tooth at the center line of the wheel 3 in. The groove 
in the center of the wheel which accommodates the vertical links, 
should be amply wide and deep enough to permit the links to fall into 
a natural position. 

It must be noted that the tooth as drawn, is not the shape of the 
tooth at the side of the central groove, but at the center line. The 
patternmaker will find it easier to work from this imaginary place, 
but explain with a note, so that he will not misunderstand. ihe 
shape of the tooth faces can be found by considering that each link 
lifts on its center X, until it comes in line with the next link, when 
the two lift on the second center, until in line with the third and so 
on. However, make the tooth somewhat thinner than the contour 
thus found, or it will be difficult to get the chain into the wheel. 


TABLE 1.—TyPrEs AND USES oF CHAINS 


Description and Qualifications 


| Highest speed for 
Type Classes | Where used general use, 
ft. per min. 
(| Open link Cranes, dredges 150 for 
hoists and I in. 
Crane 5 
rae slings, and larger 
: | Spreader or anchors, 100 
open link : 
stud moorings, on capstans 
hand chains | hand hoists 350 
Detachable Ewart with | Power trans- 
hook joint | mission, eleva- 600 
tors and con- 
veyors 
“Link Belt’”’ Closed joint Same as Ewart 600 
for dirty places 
Machine Power 
made transmission 
Roller 
Cast malleable Elevators and 600 
and steel conveyors 
Extended 
bearing | 
Power 
High speed | Rocker joint | transmission 1200 
silent 
Plain 
| bearing | 


Used for heavy loads moving at low speeds, rough work; power applied by 
drums, one end of chain secured to drum, or by pocket wheels, both ends of 
chain free. 


For application of hand power to hoists, etc., used endless, runs on pocket wheels 
and rag wheels. 


Used for power transmission at moderate speeds. Buckets and fights are 
attached to chain by means of ‘‘attachment links’? when chain is used for 
elevating and conveying. 

Used chiefly for power transmission in dirty and gritty locations. Made, in 
best type, with hardened-steel pins and bushings. 

Machine-made steel roller chains are much more accurate than malleable-iron 
chains and will run at higher speeds and loads than “‘Link Belt.” 

Rollers give better sprocket action than solid joint. Wheels are cut and good 
machine-made roller chain may be compared with cut gearing. 

Malleable-iron rollers with telescoped mal.-iron end bars (tubular),the halves 
of end bars telescoping one into the other. Steel pin passes through tubular 
end bar. Substantial and durable. 

Bearing surface of joint is given maximum possible area through use of seg- 
mental hardened-steel bushings extending throughout entire width of chain 
and bearing on a cylindrical pin which is free to rotate. Shape of link and 
wheel tooth is such that elongation is compensated for and sprocket action 
is very gentle, allowing chain to run quietly at high speeds. 

Superior to cut gearing at equal speeds and loads. Runs on cut sprocket wheels 
of special form. 

Link form substantially similar to the above with the same quiet running 
and compensating action but with each joint provided with specially de- 
signed roller bearing. 

Link form similar to above, joint bearing formed by round hole in link with 
round pin, affording half the bearing surface given by extended bearing con- 
struction in chains of equal width and equal diameter pin. 


It is advisable to use at least five decimal places in all quantities 
the result is very greatly affected by their absence. 

Having the pitch diameter, the wheel can be laid out. It is 
desirable to make a full-sized layout, if only as a check upon the 
computations. 

Divide the circle into 10 parts for the ro teeth. But two or three 
links need be drawn to obtain all necessary dimensions for the shape 
of the pocket. The horizontal chain link is a chord of 33 ins. length 
on the pitch circle; the vertical link is a chord of 1? ins. length. 
The axis of the vertical link passes through the centers XX of the 
two adjacent horizontal links. The diameter E across the flats can 
now be measured and this is really the most important dimension 
of the wheel. 

It would be wise, as a check, to space off alternate chords of 12 ins. 
and 3? ins. around the entire wheel. Of course, there should be 
to of each. The distance E can also be found by computing the 
cosine of angle z with radius =8.80405 ins. or half the calculated pitch 
diameter and deducing from the result 4 the diameter of the link 
material. 


Wheels are sometimes made with pockets for the vertical links, 
but it is preferable not to use them, as, when the wheel becomes a 
little worn, the vertical link has a tendency to pry the horizontal link 
from its bearing. 

It is better that the chain be too tight than too loose, as some 
stretch will occur in the first few days of operation. 

Care must be used in the calculations; approximations will not do, 
as the errors multiply. 

The attachment of chains to hoisting drums by the common method 
shown in Fig. 11 is pointed out by G. E. Franacan (Amer. Mach., 
Oct. 23, 1902) to be defective. The fault lies in drilling the hole 
for the spur of the chain anchor in the groove, in place of through 
solid metal beyond the chain groove as shown in Fig. 12. The first 
method subjects the anchor spur to a bending stress several times 
greater than is done by the second, and may cause the failure of the 
connection. Crane drums should be so proportioned that from one- 
half to a full coil of chain will remain upon the drum with the hook in 
the lowest position in which it is possible for it to sustain a load, and 
in this case only a fraction of the full stress will come upon the anchor; 
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Fic. 10o.—Proportions of sprockets for cable chains. 


but although this requirement may be observed when the machine 
is first installed, conditions may be changed afterward, as by digging 
deeper pits in the foundry, and thus the entire load may come directly 
upon the chain anchor, which ought to be fully capable of meeting 
such an emergency. It will be noted that Fig. 12 requires a link of 
extra length on the end of the chain in order to reach the spur in the 
position shown. Figs. rr and 12 are both open to the objection that 
the drum may be rotated far enough to bring the pull of the chain as 
shown in dotted lines of Fig. 12. 
In this case the load will not come 
upon the spur at all, but principally 
upon the nearest tap bolt, and it will 
be increased by a leverage depending 
upon the distance from the chain to 
this bolt. A better arrangement than 
either is shown in Fig. 13. 

Fig. 14 shows a section of a 


grooved drum, with proportions. The 
thickness of the metal below the 
bottom of the groove is determined 
by treating the drum as a hollow 
cylindrical beam with the load concentrated in the middle. The 
links should not bottom in the groove. 

Hand chains are used endless, hanging from hoists, etc., with the 
lower loop free. The rims of the wheels over which the chain passes 
are called rag wheels. These rims are simple in design, usually 
having a V-groove with about 60 deg. included angle, with ridges 
cast radially along the inner sides of the V to provide gripping points 
for the chain links. 


Fic, II. 
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The Ewart Chain 


The Ewart chain with hook joint, Fig. 4, is used for power trans- 
mission at moderate speeds. According to Mr. Haywarp (Amer. 
Mach., Aug. 28, 1913) the thickness of the tooth of the sprocket wheel 
must be such as to give the hook portion of the link some freedom 
between teeth. If the tooth space were made to conform to the shape 
of the hook, the slightest stretching of the chain under load or through 
wear would cause the chain to ride up on the flanks of the teeth, and 
eventually the chain would be broken by riding over the crowns. 
Conversely, the wider the tooth space the greater the amount of 
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Fic. 14.—Section of chain drum. 


ta Radius = 


stretch or wear that can take place before riding. On wheels of a 
large number of teeth the space may be considerably wider than on 
small wheels, as the wear on the tooth flanks is more distributed, 
each tooth coming into action once in each revolution of the wheel. 
The wide tooth space is also desirable in large wheels because it 
permits of the greatest possible elongation of the chain before the 
increased pitch of the chain causes it to ride. 

The working load which may be applied to a given link belt depends 
in each case upon speed of chain, cleanliness of location, and character 
of the load. The best method of rating a chain is by applying a 
factor, varying with the speed, to the average breaking strength of 
the given chain. Table 3 gives factors that have been determined 
by exhaustive experiment and by use: 


TABLE 3.—SPEEDS AND WorRKING LOADS FOR Ewart CHAINS 


: A : To obtain working load divide average 
Chain s ite min. ; 
ain speed in it. per min ultimate strength by 
(0) 
6 
200 
200 - 
300 f : 
uot Io 
400 
So 12 
500 
500 
600 zs 
600 
20 
700 


Fic. 12. Bic, 13. 


Fics. rz to 13.—Anchors for crane chains. 


If the chain is to be subjected to shock or is to work in a gritty 
place, especially in elevators and conveyors where coarse or gritty 
materials are being handled, the factors must be increased beyond 
those given in the table. In lookingover the catalog of manufacturers 
of link belting the wide range of sizes and types often makes the 
selection of chain difficult; the following suggestions may simplify 
the problem. 

In selecting chains for power transmission, first determine the 
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diameter of the small sprocket wheel, keeping it as small as possible. 
Select a chain of medium pitch with the proper breaking strength 
and find the number of teeth in the sprocket wheel of the diameter 
selected. If possible use wheels with more than eight teeth; smaller 
wheels cause rapid wear on both wheels and chain through the large 
angle of articulation when the links enter and leave the wheel. 

Note that a chain of medium pitch is desirable for ordinary trans- 
mission purposes. Short-pitch chains will not permit of sufficient 
tooth space in the wheel to allow for much elongation of the chain 
through wear, also the joints are greater in number in the same length 
of chain, and the same amount of wear per joint will cause greater 
elongation than in medium pitch. Short-pitch chains are designed 
primarily for applications where backlash of the chain on the wheel 
is objectionable. The long-pitch chains are only desirable for trans- 
mission purposes where the chain speed is very low. 

At equal chain speeds on equal-diameter sprockets the long-pitch 
chains hammer on the sprocket wheels much harder than the medium 
pitch, make much more noise, and, strength being equal with medium 
pitch, do not make as durable a drive. Long-pitch chains are ap- 
plicable principally to elevator and conveyor work. Where the chain 
speeds, compared with ordinary power transmissions, are low, 
seldom exceeding 200 ft. per min., the diameters of the sprocket 
wheels are governed by consideration of the material being handled 
rather than the energy transmitted. 

Cast-iron sprocket wheels in the rough are likely to be irregular 
in tooth spacing. Unequal shrinkage, rapping of the pattern in 
molding and inaccuracies in the pattern often cause the wheels to be 
incorrect in pitch and diameter. In an ordinary gray-iron casting 
the best way to secure a good wheel is to cast a little large in diameter 
and grind the periphery down to properly fit a piece of standard chain. 

Hard-rim sprocket wheels are furnished by some manufacturers. 
These are cast from special iron in such a manner as to make the rims 
and teeth extremely hard and tough while the hubs are soft for boring 
and keyseating. These wheels when properly made, are a decided 
economy in spite of their slightly higher price, as they last several 
times longer than the gray-iron wheels. Care should be given to 
their selection, however, as they are subject to some troubles not 
present in the ground soft-iron wheels. 

The face of the wheels, both on the teeth and on the root diameter, 
should be parallel to the bore of the wheel and the edges of the wheels 
should be free from fins or other projections. The iron is too hard 
to grind over the entire face of the wheel, and projections will cut 
the chain to pieces very quickly. 

The design of a sprocket wheel for link belting is not a difficult 
matter, but the patterns are expensive and the production of a good 
wheel in the foundry requires considerable skill. For the use of 
those who wish to make their own wheels, the following is offered: 

Having determined the number of teeth desired and the pitch of 
the chain, the next step is to find the diameter of the pitch circle, 
Fig. x5. Careful measurements should then be made of the chain 
to determine the dimensions shown in Fig. 16. The root diameter 
of the wheel, as shown in Fig. 17, is the pitch diameter less 2x A. 
The flanks of the sprockets or teeth may be made straight from just 
above the root line to a little above the pitch line and should be in- 
clined at such an angle as to give the hook of the link ample clearance 
in leaving and entering the wheel. 

It is not necessary to make the tooth at its base conform to the shape 
of the hook. The straight-tooth flanks will cast more regularly 
and will form a more uniform bearing for the chain than if the hook 
and tooth forms were similar. The thickness of the tooth at the 
pitch circle determines the amount of wear and stretch that may take 
place in the chain before it begins to ride the wheel; each tooth comes 
into action once in a revolution of the wheel, and the wear on a tooth 
is proportional to the number of times it comes intoaction. There- 
fore, the wear on a wheel with a small number of teeth is greater 
than on one with a large number, making heavy teeth necessary in 
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small wheels, Furthermore, the number of links in mesh with a 
wheel of a small number of teeth is less than in a wheel with a large 
number, making it possible to reduce the clearance without taking 
from the useful life of the chain. 

Table 4 expresses this difference in percentages of the available 
tooth space in the chain, as shown in B-D, Fig. 16 
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Pitch Circle Diameter 


Fic. 18.—Section of rim. 


Fics. 1s to 18.—Laying out sprockets for the Ewart chain. 


TaBLe 4.— NUMBER AND THICKNESS OF TOOTH 


Number of teeth in whcel Per cent. thickness of teeth at pitch line 


8 to 12 75-80 of tooth space in chain 
13 to 20 70 of tooth space in chain 
21 to 35 | 65 of tooth space in chain 
36 to 60 55-60 of tooth space in chain 


The straight flank of the tooth may be continued to nearly the 
total height of the tooth and then curved over to forma flat crown, 
or a-rounded crown may be used as shown in the dotted lines in 
Fig. 14. 

Fig. 18 shows a section of a typical sprocket-wheel rim. The 
dimensions may be expressed approximately in terms of the dimen- 
sions of the link, thus: 


B=W —7s W up to} in., which is sufficient for wide chains 
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These proportions are necessarily approximate. The wide range 
of designs and sizes makes it impossible to formulate a satisfactory 
method that will apply to all cases. 

The proper use of the Ewart chain has been explained by S. B. Peck, 
Vice President Link Belt Co. (Amer. Mach., May 14, 1908) as follows: 

When considering the relative merits of different methods of run- 
ning chain-drives, the drive should be considered as a whole, and the 
action noted at four points: a, entering point on the driver; 6, releas- 
ing point on the driver; c, entering point on the driven; d, releasing 
point on the driven, as shown by abcd, in Fig. ro. 

In this discussion the action at a point is said to be good when all 
the articulation or bending takes place in the joint of the chain, Fig. 
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In Fig. 26 we have the driver large, the driven small; hence 6 and d 
are the teeth in action. Chain runs bar first; action at a good, at b 
bad, at c good, at d bad. 

In Fig. 27 we have the same sprockets as in Fig. 26, but the chain 
runs hook first. Here the action at a is bad, but the fact that the 
hook is not in contact with a tooth face at this point makes the 
consequent wear of little account. The action at 6 is good. The 
action at ¢ is bad, but this is on the slack side of the chain and this 
bad action causes no wear. The action at d is good. 

It is thus seen that there are two very bad points (6 and d) where 
the chain runs bar first and only one serious trouble (a) when running 
hook first. Therefore, always run hook first in sucd a case. 
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Fics. 19 to 29.—The correct use of Ewart chain. 


20. The action is said to be bad when, in bending, the link rubs on 
the sprocket, producing wear on the sprocket and outside or external 
wear on the hook, Fig. 21. 

Another fact is also to be remembered: There is never more than 
one tooth in action at any one time. No matter how carefully the 
chain and sprocket may be made, as soon as the load comes on, there 
is a change caused by stretch and wear. 

We can predetermine which tooth shall be in action by making 
the pitch of the wheel either larger or smaller than the pitch of the 
chain. Thus, on the driver, Fig. 22, the wheel pitch being smaller 
than the chain pitch, the entering tooth does all the work. In Fig. 23 
the conditions are reversed: the wheel pitch is the larger and the 
releasing tooth does the work. On the driven the same thing holds, 
except that here conditions are reversed. 

When the wheel pitch is smaller than the chain pitch the releasing 
tooth does the work, Fig. 24, and when the wheel pitch is larger 
than the chain pitch the entering tooth does all the work, Fig. 25. 

For the best work the pitch of the driver should be larger than the 
pitch of the chain, Fig. 23, and the pitch of the driven should be 
smaller than that of the chain, as in Fig. 24. The releasing teeth b 
and d are, therefore, the working teeth, and the chain can seat at a 
and ¢ quietly and take the load gradually as the wheel revolves. 

Having considered the question of wheels, we will now regard 
the drive as a whole to determine whether the chain shall be run 
bar first or hook first. 


Consider a drive when the sprockets are such as are usually 
furnished: ‘These are ground to fit the new chain; when the latter 
stretches, both driver and driven are small as compared to it, and 
teeth a and d are now in action. 

In Fig. 28 we have such a pair of wheels with the chain running 
bar first. The action at a is good; at 0 it is bad, but as there is no 
tension on the chain at this point, this is not objectionable. Atc the 
action is good; at dit is bad. In this case, therefore, it would seem 
that the wear would be confined to the driven wheel and this is so in 
actual practice. 

Only wear is on driven, caused by the bad action at d, this forms 
hook on d and breaks chain. 

Observe the same wheels with the chain running hook first, Fig. 29. 
The action at a is bad; at b it is good; at c it is bad, but not objection- 
able, because, as before, there is no tension at this point; action at d 
is good. Thus all the wear would seem to be on the driver as a result 
of the action at a. This is found to be the case; hence both theory 
and practice show that with the chain running bar first driven wheel 
wears, while with chain running hook first driver wheel wears. 

Now, it is found that because the wear at d, running bar first, is 
caused by the link slipping up the tooth, it tends to undercut and 
form a hook and thus break the chain. On the other hand, the wear 
at a, when running hook first, is caused by the link slipping down the 
tooth, and the wheel will wear out completely without endangering 
the chain. It has also been proved that the driver, running hook 
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first, lasts several times as long as the driven wheel when running 
bar first. As the driven wheel is in nearly every case much larger 
than the driver and the consequent wear on each tooth is less, it 
would seem that if the chain were run so as to wear the driven, the 
wear on the two wheels would be equalized. This would be poor 
practice for the reason that the driver, being smaller, is more cheaply 
replaced, and the repair account will, therefore, be less running 


hook first. : 
In elevators, the head wheel acts as a driver, and the foot wheel 
simply as an idler, because it is doing no work. Therefore, run the 
chain bar first so as to favor the driver. 
always an idler, comparatively speaking, and the same reasoning 
holds as for elevators: the chain should run bar first in all cases. 


On conveyers one wheel is 


These remarks apply equally well to all closed-end pin chains; 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


The links are joined by a steel pintle, which passes the tubular 
portion of the link. A cotter pin in one end of the pintle makes it 
easy to disconnect the chain by withdrawing the pintle. 

A machine-made roller chain is shown, Fig. 6. This chain will 
run at a much higher speed than link-belt type of chains, and also 
produce better sprocket action. 

Malleable-iron roller chains are made in a range of sizes from 3 to 
24 ins. in pitch, and have a wide field of application, being suitable 
for transmission and for elevators and conveyors. It is essential 
that the side bars of the links be held rigidly in line with each other 
in order that the load may be equally distributed between them 
and also that they be held apart in order to insure free rotation of 
the roller. These features are secured in the construction shown in 
Fig. 7. 


TABLE 5.—DATA FOR THE DESIGN OF MorSE SILENT CHAIN DRIVES 


Notes MPitChtinsemen ee a ene 3 4 Z 5 2 so 1x5 14 2 3 4 
1. Number of teeth=T. | | 
Exact outside diameter =D. Minimum number of teeth: 
When T has less than 20 teeth, D= Small sprocket driver........ 13 13 ie 13 13 15 15 17 7 17 19 
pitch diameter. Small sprocket driven........ 17 17 17 17 21 2 29 29 I 35 37 
When T has more than 20 teeth, D= ; | 
pitch diameter + (2Xaddendum). Desirable number of teeth in | 15-17 |15—17| 15-17 | 17-21 |17—21| 17-23 | 17-23 | 17-27 | 17-31 | 19-31 | 21-31 
2. Use sprockets having an odd number of driver sprockets. | 
teeth whenever possible. | 
3. When specially authorized, a larger | Maximum number of teeth in Fist 85 99 109 II5 I25 I29 129 129 131 131 
number of teeth than shown may be | sprockets. (See Note 3). | 
cut in large sprocket. } 
4. Thickness of sprocket rim, including | Desirable number of teeth in | 35-55 |35-55| 55-75 | 55-75 |55-85, 55-95 |55-105|/55-I15 55-115 55-115 55-115 
teeth, should be at least 1.2 timesthe | driven sprockets. | 
chain pitch. : = 
5. The number of grooves in the sprocket, | To find pitch diameter of |.1195 127 I59 | .199 | .230] .2865 382 A477 | -636 | -055 |1.2732 
their width and distance apart, varies| wheel multiply number of | 
according to pitch and widthof chain. | teeth by (ins.). | 
In every case leave the designing and 
turning of these grooves to the Morse | Addendum. For outside diam- fo) (o) .05 106 | .075| .09 ye .15 | .20 .30 .80 
Chain Company. eter of sprockets 20 to 130 T. | 
6. The width of the sprocket should be 3 (See Note 1), ins. 
to 4 in. greater on small drives, and } tc 
4 in. greater on large drives than nom- | Maximumr.p.m............. 3000 | 2600] 2400 | 1800 | 1200| I100 800 600 | 400 250 roo 
inal width of the chain, = | 
7. Aneven number of links in the chain and | Tension per inch width chain, 
an odd number of teeth in the wheels are lbs: 
desirable. Small sprocket driver........| 40 45 80 100 I20 | 150 200 270 450 750 900 
8. Horizontal drives preferred; tight chain | Small sprocket driven........ 30 35 65 80 95 | 120 160 210 350 600 700 
on top desirable for short drives without |- | | 
center adjustment. Radial clearance beyond tooth 
9. Adjustable wheel centers desirable for| required for chain, ins. 37 -40 | .50 62 -75 | .90 E.2 ins 2.0 3.0 | 4.00 
horizontal drives and necessary for ver- | 
tical drives. Approximate weight of chain 
to. Avoid vertical drives. per inch wide, 1 ft. long, lbs. ii -75 | 1.00 | 1.20 | I.50| 1.80 | 2.50 | 3.00 | 4.00 | 6.00 | 8.00 
rz. Allow a side clearance for chain (parallel | 
to axis of sprockets and measured from | C for solid pinions............]...... ln as - 1.6045 |, 0002" [2009 013 023 |) 2035 058 I45 
nominal width of chain) equal to the | 
pitch. € for armed -sprockets..inme te sake oil's tees LO .25 235 AS "i I.0 28 MN ASO 
12. Maximum linear velocity for commercial 
service 1200 to 1600 ft. per minute. APPROXIMATE WEIGHTS FOR SOLID AND ARMED SPROCKETS 
T =number of teeth. 
These data are for use in preliminary de- Tsao ast inches: - , 
Bremeias acering Postires should aiavehe C=constant in pounds per inch in face per tooth as per table. 
submitted to the Morse Chain Company Weight of armed Neg is TREE. : 2 
Otee rove betorerenderieg! Add 25 per cent. for split and 50 per cent. for spring and split sprockets. 
Weight of solid pinion=T2X (F +1) XC. 


1, Note (1) does not apply. Pitch and out-side diameter are the same or equal. 


the closed end corresponds to the hook and the pin end to the bar 
of the Ewart chain. 


In general, therefore, on drives run hook first. 


conveyers run bar first. 


On elevators and 


The Roller Chain 


A chain construction, which is intermediate between the Ewart 


type detachable-link belting and roller chain, is shown in Fig. 5. 


Roller chains are very generally used for driving motor trucks. 
In this service the factors of safety employed are much greater than 
in stationary practice, on account of shocks, heavy momentary 
loads, and the gritty conditions under which the chains must operate. 
The working loads vary from #5 to #5 of the breaking strength of the 
chains. As a rule, the factor increases with the capacity of the truck. 

Roller-chain, sprocket wheels for accurately made chain are always 
made with cut teeth. Cutters may be obtained from many tool 
manufacturers, and there is a wide range of tooth forms in use, some 
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of which are poor in design. A type which was common and is still 
in use but which should be avoided, has for the bottom of the tooth 
space an arc of a circle of the same radius as the roller, with the flanks 
of the teeth made with just sufficient relief to allow the rollers to 
enter and leave the wheel. Any elongation occurring as soon as a 
load is put on the chain, will cause the rollers to strike the tooth 
flanks in entering the wheel. On account of the absence of clearance 
the teeth rapidly wear hook-shaped, making the drive noisy and 
short-lived. 

A wheel with a flat bottom in the tooth spaces and considerable 
clearance, like the wheel described for Ewart-type link belting, is 
much better than the above. The bottom of the tooth space should 
be joined to the tooth space by a fillet of a radius equal to the radius 
of the roller, and the tooth should be relieved on the flanks to allow 
the roller easy entrance and exit. The objection to this type lies 
in the fact that each link slips back on leaving the sprocket wheel, 
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Fic. 30.—Link belt star wheel adapted to roller chain. 


or advances on entering, an amount equal to the elongation after 
the chain stretches, causing noise and undue wear on the tooth flanks 
and contributing to the ultimate destruction of the chain. 

The latest and most advanced type, combining simplicity and 
smooth chain action, is shown in Fig. 30. The tooth space is made 
with the bottom the same radius as the roller, and the flanks of the 
teeth slope back at an angle of 30 deg. with a radius drawn through 
tke center of the roller. The flanks of the teeth are slightly relieved 
hear the crown and the teeth are made higher than in other types. 
Stretch of the chain is compensated for by the rollers rising on the 
tooth flanks, giving smooth and comparatively quiet action. 


The High Speed Silent Chain 


The preliminary design of Morse silent chain drives may be made in 
accordance with Table 5, which has been supplied by the Morse 
Chain Co. 

It should be borne in mind that the silent chain is practically a 
flexible rack, and gives a positive drive. Its use, therefore, is unde- 
sirable where the necessity of some slip exists, such as would be 
found in driving punching presses where the accumulated speed of 
the balance wheel does the work of each stroke. In drives having 
an infrequent shock load, due to accident or lack of uniformity of 
material to be worked, a safety or shearing pin sprocket is fitted as 
a safeguard. 

In regularly intermittent service, such as air-compresser driving, 
a spring sprocket wheel is always desirable and sometimes necessary. 
In drives subject to sudden overloading and heavy shock, a shearing 
or safety pin is often fitted. These chains are regularly used for 
transmitting loads up to 1500 h.p. 

The following observations explain more fully some of the informa- 
tion given in the table: 

The limitation ofthe desirable number of teeth in the large 
sprocket, given in the fourth line of the table, is intended to give a 
reasonable provision for the increased pitch of the chain due to use. 
Asis well known, the chain gradually engages the sprocket at increased 
diameters as its pitch increases, and, with too large sprockets, the re- 
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duced ratio of pitch to diameter reduces this provision below the de- 
sirable limit. The callin note 7 for an even number of links in the chain 
is intended to eliminate the special link which an odd number of links 
require. This can usually be brought about by a slight adjustment 


TABLE 6.—CApPacity oF LINK Bett SILENT CHAINS 


Speeds in ft per. 
om 500 | 600 | 700 | 800 | 900 |1000} 1100 1200 |1300 1400| 1500 
+4 | Face 
Nom. BES 
: om] of | H.pjH.p |H.p |H.p |H.p |H.p| H.p| H.p |H.p |H.p |H.p 
pitch Ze 
wheel 
$ I +58) OO} .72! .78l 82 .8ol Onl sos 
2 1} 197) .O8)5. 07/1. 16) -222/1.30) 2.38) xr o42 
I Tk |X-tO}r SIL. 43/2. 55/2.60311.73) 2.82) 1.89 
es It | ri |2.45/1.64|/1.79/2.91/2.04|2.18] 2.28] 2.36 
14 | 2 1.74|1.97|2.15|2.30|2.45|2.60| 2.73] 2.83 
2 2% |2.32|2.62|2.86|3.08/3.27|3.46| 3.64] 3.78 
3 33 |3.48]3.91/4.28|4.61/4.80]5.22| 5.46] 5.67 
4 1% +84) ,O5|L.04| i, DUITerOln27| Lessieressir. 42 
2) 13 |r. 26]r.40/1.56]/1.70|1.79|1.91| 1.90] 2.07|2.13 
I 1% 1.68/1.809/2.08]2.25|2.34|2.54] 2.65] 2.76]/2.84 
a” | 13 | 28 |2.52/2.91/3.12/3.44|3.57/3.88] 3.98] 4.14/4.25 
2 2% |3.37/3-.82/4.17|4.4814.77/5-10| 5.30) 5.52|5.68 
3 3% |5.0515.73/6.2516.75|7.15|7-60| 7.95] 8.20|8.50 
4 At |6.73|7 (64/8. 30/9,-0010.53|20.0/20..6 liter rr 3 
I $ |2.22/2.51/2.74/2.96/3.15/3.33| 3-50| 3.64/3.75 
1d] 1S |2.77/3.15]3-41/3.71/3.93]4.18] 4.37] 4.54]4.70 
1} | 2%6 |3.33/3-76|4.12|4.43|4.72/5.00| 5.25] 5.45|5.62 
§’ | 2 | 2t6 |4.43/5.02|5.47|5.91|/6.30/6.67] 7.00] 7.28/7.50 
3 318 6.65/7.52/8.22/8.88|9.45|10.0/10.05/10.09/I1T.2 
4 | 4% |8.86|10.0/10.9|/11.8|12.6)13.3]/14.0 {14.5 |15.0 
6 6$ |13.3/15.0/16.4|17.7|18.9|20.0|21.0 |21.8 |22.5 
I $ |2.85/3.22/3.51|/3.78|4.05|4.37| 4.48] 4.65|4.82 
Tt | 2% |3.56/3.98]4.30|4.70|5.06|5.30| 5.60] 5.78|6.02 
1% | 23 |4.27/4.8515.27|5.67|6.10|/6.40| 6.72] 6.98/7.23 
ay 2 2% |5.68/6.42/7.03/7.56/8.10|8.55| 8.95] 9.31|9.63 
3 3% |8.55/9.63/10.5|1r.4/12.1/18.8|13.4 |14.0 |14.5 
A 4% |10.4|/12.8]14.0/15.1/16.3|17.3|17.9 |18.6 |19.3 
6 6% |17.1|19.3/21.1|/22.8|24.3/25.7|26.8 |27.9 |28.9 
2 2% 7 1|7.91/8.65|9.33|10 |10.5|10.9 |rr.4 |11.8 
2% | 3t 9 |f0.2/TL.1/12.0/12.9/13.5|14.1 |14.7 |r5.2 
3 32 |xr |r2.4\13.6|/14.6|15.7|16.5|17.2 |18 18.6 
me 4 4% |15 |16.0|18.6]20 |2r.5/22.5/23.5 |24.6 |25.4 
5 54 |r9 |2r.5|23.5|25.2|27.2128.7]/29.7 |31.1 [32.1 
6 638 123 |26 |28.5/30.5|32.9|34.5|36 37.6 |38.9 
8 | 83 [3x 134.9/38.4]4r.2144-3|46.3148.5 |50.7 |52.4 
2 3 9. 7FX OLE. OFZ 133 .8)r4 6) 75.4 [15.0 (TO -4)\16-7 
3 4 15.3|17.3|18.7|20.3/21.7/22.9|24.2 |25 25.7|26.5 
4 5 20.8/23.5/25.5/27.6|29.6/31.2/32.6 |34.1 |35.1/36.2 
oy ales 6 26.3/29.8/32.3/35-1/37-5139.7141.6 |43.2 |44.5]45.8 
6 7 31.8/36.2/39.1/42.7/45.3148.2/50.3 |52.2 |53.8155.5 
8 9 42.8/48.5/52.7157.2/61.2/64 |67.8 |70.3 |72.5|74.6 
|10 II 54.1/61.3/66.5/72.2|77.1/81.2/85.6 188.7 |or.4/94.1 
3 4 20.1/22.7/24.7/26.9|28.7/30.3/31.8 |33 34. 135 185207 
A | 5 |27.5/31.1/33.7/36.6)39.1|41.2/43.4 |45 |46.4/48 |48.7 
5 6 34.8)39.3)/42.7/46.3/49.5/52.3|55 57 58.7/60.7/61.6 
he taal) uh 42.2/47.6|51.8/56.3/60 |63.4/66.5 |69 Ye ceTN7 So Sil Acay 
8 9 56.7/64.2/69.7|75.7|81 |85.2/89.7 |93 95.8)99 I0r 
LO: nx 71.4/80.7|87.7|95.2| 102] 107/113 |117 I21| 124] 127 
I2 13 86 |97.3] 106] 115] 123] 129/136 |14r I45] I50| 152 
6 735 |56.1/63.5| 60] 75] 80|/84.3/88.8 |o2 94.8|/97.5|09.6 
8 Ovs 175.7|85.6| 93] ror] 108] 114/120 |124 128] 131| 134 
a! TO) lake [OS.2|) LO7| LL |) 220) 136)" TAsis ue eas6 I6I} 165} 169 
12 13 35 II4} 129] 141] 153] 164] 172/182 188 I94| 199} 204 
14 |15ee | 134] 152] 165] 179] 191] 201|212 |220 227| 233| 240 
16 |17¢s | 154] 174] 180] 205] 220] 231/243 |252 ee 267| 273 
6 4 73|/82.7| 90] 98] 104] rroj116 |120 124] 127] 130 
i of I00} I13; 123] 133] 143] 150/158 |164 160] 174| 178 
ay” sae) gu 126] 143] 155] 168] 180] 190/200 |207 233) 220\) 224 
10} 133 I53| 173] 188] 204] 218] 230/242 |251 259| 266| 272 
14 1/154 I79| 204] 220] 240] 255] 270|284 |2904 303] 313] 318 
16 |173 206] 235| 253] 274! 204] 3101326 1338 348] 350! 365 
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of the center distance. The call in the same note for an odd number 
of teeth in the sprockets is intended to provide a hunting: tooth effect, 
by which all parts of the sprocket-tooth faces are successively engaged 
by the links. While this is a desirable it is not an essential feature, 
and when exact speed ratios which call for an even number of teeth 
are required, such teeth may be used without hesitation. 

The preliminary design of link belt silent chain drives may be made 
in accordance with Tables 6 and 7 which have been supplied by the 
Link Belt Co. 

For cases in which it is necessary to calculate the exact distance 
between the shafts, in order that the silent chain may run without 
slack, the following formula by H. S. Prerce, of the Link Belt Co., 
may be used: 


L=(2C cos A)+ (<5“Pw) + (“Pe 


180 
in which L =length of chain, ins., 
C =center distance, ins., 
N =number of teeth, large wheel, 
n =number of teeth, small wheel, 
D=diameter of large wheel, ins., 
d =diameter of small wheel, ins., 
P =pitch of chain, ins., 
A =angle whose sin pete 
aC 
The formula is solved by repeated assumptions of the center 
distance C until a value of C is found which makes Z an exact multiple 
of the pitch. 
In applying silent chains of any type, the following suggestions 
should be considered: 
Drives should not be vertical if such arrangement can be avoided; 
if vertical or nearly so make the center distance between shafts short; 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


a long vertical chain will tend to drop away from the teeth of the 
lower wheel, causing bad chain action. 

Provide means for adjusting the distance between shafts. This 
will facilitate the installation of the chain and will, in some cases, 
prolong the life of the drive by making it possible to take up wear. 
On extremely short center drives the adjustability is not as essential 
if care is exercised to make the center distance such as will keep the 
chain without slack. 

Do not run chains tight; initial tension is not necessary, and it 
increases the bearing pressures in both chain and shaft bearings. 


TABLE 7.—DATA FOR THE DESIGN OF LINK BELT SILENT CHAIN DRIVES 


This table is based on standard practice and is to be used for preliminary 
Consult the makers before final design is adopted. 


design only. 
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The retarding moments of band brakes may be obtained from the 
formula by E. R. Douctass (Amer. Mach., Dec. 19, 1901): 


M=P(K-1)! (a) 


in which M-=retarding moment, lb.-ins. 
P=force pulling free end of brake, lbs., 
d=diameter of brake drum, ins., 
K=a factor such that 
com. log K=.00758 fc, 
f=coefficient of friction, 
c=angle of drum embraced by band, degrees, 
all as shown in Fig. r. 
The value of M may be found from Fig. 2, which is plotted for 
P=r1 and d=1o0. To use the chart find M for the arc of contact 
and the assumed value of f and multiply the result by the value of 


d 
P and by the ratio of ae The plotted values of f are: 


Cork inserts on metals, 
Leather on metals, 


f=about .33 


f=about .4 
Leather on wood, f=about .3 
Metals on wood, f=about .2 
Metals on metals, f=about .2 


The pulling force at the free end of the strap being known, that at 
the fixed end mav be found from Fig. 4. 

The width of the brake band may be found from the following 
formulas, adapted from those by R. A. GREENE (Amer. Mach., Oct. 8, 


F=* > (b) 


in which F=width of drum face, ins., 
M =retarding moment as found from (a) or Fig. 2, 
X =a factor from Table 1, 
d=diameter of drum, ins., 
S =a limiting factor which should not exceed 65. 

Assume a brake drum of diameter d=30 ins., a pulling force 
P=1500 lbs., an arc of contact of 260 deg. and a metal strap ona 
metal drum. From Fig. 2 we find, for a pulling force of x lb. and a 
drum diameter of ro ins., a value of M of 7.3, giving for the actual case 


30 
M=7.3X1500X 75 
= 32,850 lb.-ins. 
From Table 1 we find the value of X to be 1.68 and hence from (6) 
4X 32850X1.68 
“5 goax6s" 
= 3.8 ins. or, say, 4 ins. 


F 


Next we check against the speed by the formula: 

R=S KdG202><r.p.m. (c) 
in which R= a factor which should not exceed 54,000 according to 
Yale and Towne practice, or 60,000 according to Brown Hoist prac- 
tice. If r.p.m.=100 we find: 

R=65X30X.262X 100 

= 51,090 
which, being below the limiting value, we conclude that the brake 
will answer although near the limit. Had the value of R gone above 
the limit it would have been necessary to assume a wider drum and 
by substitution in (b) found a smaller value of S which, substituted 
in (c), would have brought the value of R below the limit. 


The differential hand brake, Fig. 3, is more used in Europe than in 
the United States, where some attempts to use it have met with fail- 
ure because its principle was not correctly grasped. In Fig. 3, @ 
represents the weight to be lifted by the rope drum 8. At c is the 
brake drum, the ends of the brake strap beng at d ande. The direc- 
tion of motion when lowering the load being that shown by the arrow, 
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Fic. 2.—The retarding moment of band brakes. 
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it follows that the end d of the strap carries the load, this end being 
commonly attached to the frame and the application of the brake 
being made by tightening e, which is attached for that purpose to the 
end f of a bell crank which is operated by the brake lever g. With 
the differential brake, however, the end d is attached to an additional 
arm h of the bell crank, the action being that the tension in d tends to 


153 


154 . 


tighten e and thus apply the brake, and it is on the ratio between 
the arms f and / that the design hinges. 

The two ends of the brake strap are under the same conditions 
as the slack and the tight sides of a belt. It is obvious that if the 
strain on d be, for example, twice that on e, and if the length of h 
be slightly more than half that of f, the brake will apply itself when 
the drum is released from the engine which hoisted the load, and if 
the load is to be lowered at all the brake must be released by hand. 
On the other hand, if the length of h be slightly less than half of f 
the brake will not apply itself, the action of the tension on d serving 
merely to reduce the pressure which must be applied to gin order to 
hold the load. 


TABLE I.—FACTORS FOR THE WIDTH OF BAND BRAKES 


D xX 
ses ae f=.3 fa 
180 Dah 1.64 I.40 
195 2.03 1.56 Tea 
210 iOS I.50 Ib. AS) 
240 TO I.40 Te28 
250 1 9, 1 By I. 21 
260 1.68 I.35 ite, Ane) 
270 1.64 Tas? 1.18 
280 1.60 I.30 Tb 109 
290 1.57 We BS af OU 
300 TSA 20 I.14 


TABLE 2.—COEFFICIENTS FOR DIFFERENTIAL BAND BRAKES 


Fraction of cir- Value of coefficient of friction 

cumference em- 

braced by brake as i oe | seul 

strap Ratio between arms 

38 =, 76 2.AI DASo 4.38 
6 EO) 2.87 BAG) 5.88 
aj 2, 3.43 Ana 7.90 
8 RAT 4.09 BPs 10.62 


Table 2 is the work of H. A. Vezin and represents the practice of 
the F. M. Davis Iron Works Co. (Amer. Mach., Nov. 23, 1905). It 
gives the ratios which the arms f and / must bear to each other in order 
to give the limiting condition between those described; that is, in order 
that the brake may be self applying, the arm hk must be slightly 
longer, and in order that it may need help applied to lever g, it must 
be slightly shorter than the figures given by the table. 

For coefficients of friction other than those used by Mr. Vezin, 
Mr. Brown’s chart for the ratio of the tensions, Fig. 4, may be used, 
as it gives the same results as Mr. Vezin’s table. 

Certain band-brake calculations are more readily made with the aid 
of Fig. 4, by Jas. A. Brown (Amer. Mach., Apr. 19, 1906), than with 
Fig. 2. The relation of the tensions in the two ends of the strap is 
given by the formula: 

log. K=log. = 2.720 fn. 
1 
in which 7, =lesser tension, 
T2.=greater tension, 
f=coefficient of friction 
n= fractional part of drum embraced by strap. 


a 
The value ofK = 7 may be obtained directly from Fig. 4. Find the 
1 


product of fXm on the right-hand vertical, trace horizontally to the 
curve and then down and read the value of K. For example, with a 
coefficient of friction of .33 and one-half the circumference in con- 
tact, the product is .165, giving a value for K of 2.82. This 
chart is also useful in belt and other calculations relating to wrap- 
ping friction. 
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The retarding moment of block brakes, Fig. 5, after wear has brought 
about uniform contact, may be found from the formula (E. R. Douc- 
LAss, Amer. Mach., Dec. 26, 1901): 

M =} JQdf 
M =retarding moment for one block, lb.-ins., 
Q= force pressing block on drum, lbs., 
d=diameter of brake drum, ins., 
f=coefficient of friction 


Wine Bg 


b 
I—} sin? (=) 


b being the angle subtended by one block, degrees. For more than 
one block multiply by the number of blocks. Values of J may be 
taken directly from Fig. 5. Values of f have been given in the dis- 
cussion of band brakes. 


in which 


Fic. 3.—The principle of the differential band brake. 


The retarding moments of axial brakes, Fig. 6, after wear has taken 
place, may be found from the formula (E. R. Doucrass, Amer. Mach., 
Dec. 26, 901): : 

Pees 
4 
in which M =retarding moment for one block, lb.-ins., 
X =force pressing block on disk, lbs., 
d=external diameter, ins., 
d’ =internal diameter, ins., 
f=coefficient of friction. 


For more than one block, as in the Weston multiple disk brake, 
multiply by the number of friction surfaces in contact. Values of i 
have been given in the discussion of band brakes. 

The surfae cof brake drums should also be sufficient to provide 
for the dissipation of the heat generated without undue rise of temper- 
ature, and this obviously depends on the frequency of the service. 
No comprehensive study of this subject has been made so far as the 
author is aware. According to E. R. Douctass (Amer. Mach., Dec. 
26, 1901) for such brakes as are used on electric cranes, where the work 
is severe and constant, good results are obtained with a provision 
of 1 sq. in. of wood or leather frictional surface for every 200 
or 250 ft.-lbs. of energy to be absorbed. When the brake is less often 
called into service these figures may be much exceeded, The brakes 
of railway cars, which operate under the most favorable conditions 
for keeping cool, are of metal and are used less frequently, are required 
in extreme conditions to absorb as much as 20,000 f{t.-lbs. per sq. in. 
of brake shoe. This service tears off and ignites the metal and the 
shoes must be frequently replaced. According to P. M. Hrzpr 
(Horseless Age, Aug. 28, 1912), hub brakes of automobiles (pleas- 
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ure cars) should have 1 sq. in. of surface for each 15 lbs. weight of 
the car, while on commercial vehicles the ratio should be x sq. in. 
for each 30 lbs. weight of car. Assuming 20 and ro miles per 
hour respectively,as the average speeds to be dealt with in stopping 
the cars, these figures give 240 and 120 ft.-lbs. of energy per sq. 
in. of surface. 

The band brake is not so much used on large hoisting engines as 
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ing movement. The block brake withdraws positively and leaves a 


large portion of the drum exposed, thus favoring the dissipation of 


the heat. 


A Superior Hoisting Brake 


A superior and very large brake is shown, in principle, in Fig. 7. 
It was applied by the Nordberg Mfg. Co. to the main hoisting engine 
of the Tamarack Mining Co. 
(Amer. Mach., Sept. 21, 1899), a 


brake being applied to each end 


of the hoisting drum. 
The brake consists of a pair of 


jaws AA, adapted to grip the 


brake wheel, the surfaces in con- 


tact being basswood and _ cast- 
iron. The jaws are supported by 


a pair of carriers or anchors, BB, 


which, as they have to prevent 


the jaws from partaking in the 


rotation of the drum when the 


brake is applied, have to be 


securely anchored into the foun- 
dation. The jaw A carries a pair 


of levers CC1, the short ends of 


which connect by means of rods 


DD, to end of jaw A, while the 
long arms connect to a lever E 


by means of two rods FF; E 
carries a weight G sufficiently 


Coef, of Friction X Fraction of Cireum. 


heavy to furnish the braking 


power needed. By asteam device 


H and lever J the weight can be 


applied or released. Lever £ is 


held in the jaw A, but as the pins 


on which rod Ff connects to lever 
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Values of K 


Fic. 4.—The ratio of the tensions in band brakes. 
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Fic. 5.—The coefficient of block brakes. 


formerly, partly because of the fact that it completely surrounds the 
drum and interferes with the free dissipation of the heat and partly 
because it does not positively withdraw from the drum when 
loosened, but consumes power and generates heat during the hoist- 


10 £ are equidistant each side of the 
fulcrum, there is no reaction due 
to the forces in rods FF; on jaw A. 
All parts shown on Fig. ro, except 
steam device and rock shaft for 
lever J, are in duplicate at the two ends of the drum. In order to 
secure a parallel motion of the jaws to prevent the lower portion 
gripping first, the parallel rod J is used. Its action is plain if it is 
stated that its length is equal to that of the carrier B, making the 
action of the brake like a parallel motion vise. K, Ki, K2, Ka, are 


Fic. 6.—Axial brake notation. 


set screws to limit the motion of the brake jaws. The steam device 
H is single acting, the steam releasing while the weight sets the 
brake. The connection to hand lever is by a floating lever, 
whereby the piston is caused to follow the motion of the hand lever. 
It is plain that this type of brake is always ready to go on, even if 
the steam should fail, and it is thus as reliable as a hand brake. 
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It is, in fact, more reliable, as it will not allow the engine to be 
started without steam being first turned on. Accidents have hap- 
pened from the opposite arrangement. 


Fic. 7,—Nordberg arrangement of large block brakes. 


Automatic Brakes 


One of many constructions of automatic load brakes is shown in 
Fig. 8, by A. D. Wizttams (Amer. Mach., Aug. 20, 1903). Inaction, 
the tendency of the load to run down locks the brake, 
which revolves freely in the hoisting direction. When 
lowering, the motor counteracts this tendency of the load 
to lock the brake and the load cannot move until its 
action on the brake is overcome by that due to the 
motor. The brake absorbs the acceleration due to 
gravity on the load, so that it drops at a speed deter- 
mined by the motor. 

Fig. 8 shows a brake of the Weston type. B is a 
ratchet ring free to revolve when hoisting, but held by 
dogs or pawls from turning in the lowering direction. 
A is a retaining ring for holding the paw! ring on the rim 
of the clutch jaw K. Inside of B, between K and the 
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Upon starting the motor to lower it turns shaft P and relieves the 
pressure on the washers, and as soon as the motor overcomes this 
pressure sufficiently to permit the load to revolve the washers £, it 
will fall. The friction between the washers overcomes any tendency 
of the load to accelerate. The chamber in which the washers are 
enclosed must be kept flooded with oil, but, nevertheless, considerable 
heat is developed. In hoisting the disks are clamped by the screw 
and the whole brake revolves. 

For brass and steel washers the pressure between the surfaces 
should not exceed 100 lbs.-per sq. in. : 

When designing a brake of this character (G. F. Dopcr, Amer. 
Mach., Oct. 29, 1903) the maximum load is known from the capacity 
of the crane. Assuming some reasonable values for the outer and 
inner radii of the disks, within the limits of clearance we have at our 
command, we find the average radius of the disks. Dividing the 
moment of the load by this radius, we obtain the pull in pounds that 
the disks must resist at this radius and if we divide this by V times 
the coefficient of friction (which for lubricated surfaces may be taken 
at .o5), we obtain the axial pressure necessary to hold the load, V 
representing the number of rubbing surfaces and being assumed 
such that the pressure per square inch of disk is within reasonable 
limits. The axial pressure having been determined, it is then left, 
to find the angle of the helical cam such that it will produce a little 
more than this pressure under the influence of the load upon the pin- 
ion, the excess being but a trifle more than sufficient to offset the fric- 
tion between the helical cams. Too small a pitch simply adds to 
the work done in lowering and a consequent generation of heat. 


The Prony Brake 


A construction of Prony brake (due to Professor Sweet) which has 
come into large use, is shown in Figs.g and 10. The brake drumis 
provided with internal flanges about 2 ins. high, forming an annular 
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thrust collar H, are eight washers, four of which, marked 
F, are of brass and are free to turn in either direction. 
The remaining four washers are steel, two, marked D, 
being keyed to the pawl ring B by the feather C, and 
two, marked E£, being keyed to the collar H by the feather 
G. The clutch jaw K is keyed to the shaft P and held in 
place by the nut ¥. The thrust collar H is secured to 
a flange on the pinion M@. A clutch jaw to mate with K 
is formed on one end of the pinion M, and its bore is 
threaded to fit the screw cut on the shaft. The enlarged 
portion of the shaft beyond the pinion is a bearing 
whose far end takes the thrust due to the screw. There 
is a bearing beyond the nut J also. 

The action of this brake is due to the downward pull 
of the load on the pinion. The shaft being stationary, 
presses the thrust collar tight against the washers, so 
that the whole brake is locked from turning in the 
lowering direction. Any motion in this direction 
causes the dogs to engage with the ratchet ring, and no further 
downward motion is possible unless the motor is started to lower. 
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Fic. 8.—The Weston multiple-washer load brake. 
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trough for the water which absorbs the heat. Supply and waste 
pipes are provided as shown in Fig. 9, the latter having its end 
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flattened to act as a scoop. When in action the centrifugal force 
causes the water to revolve with the drum. 

The location of the tension screw and of the gap in the brake band 
should be at the bottom as in Fig. ro, and not at the top as in Fig. o. 

-(E. J. Armstronc, Chf. Engr., Ball Engine Co., Amer. Mach., Aug. 10, 
1900.) Thus located, it is subjected to the initial wrapping tension 
only, and is free from the irregular gripping action. This makes it 
feasible to introduce a spring as shown, which, in turn, accomplishes 
the purpose of the more complex compensating devices of which 
many have been made. Mr. Armstrong, who has had much experi- 
ence with Prony brakes, finds no difficulty in maintaining loads of 
200 h.p. for indefinite periods and with a greatly improved degree of 
steadiness. 

The area of the brake surface of Prony brakes may be deduced from 
the experiences of Mr. Armstrong and of the Union Gas Engine Co., 
which latter company also has a com- 
plete outfit of brakes for testing its en- 
gines (Amer. Mach., July 27, 1905). In 
both cases the brakes are of the Sweet 
pattern, Figs. 9 and ro, and the brake 
blocks are of maple. 

One of the Union Gas Engine Co’s. 
brakes having a brake drum 30 ins. 
diameter by 20 ins. face has been found 
capable of absorbing continuously 140 
h.p. at 350 r.p.m., while, under con- 
tinuous work, it took fire when loaded 
with 150 h.p. 

Mr. Armstrong has a brake with a, 
drum 48 ins. diameter by 16 ins. face, 
which absorbs 200 h.p. ‘‘ without very 
much trouble from the blocks catching 
fire. At 225 hp. it takes fire every minute or two and 260 hp. is 
the absolute limit with one man handling a garden hose and devoting 
himself to putting out the fires.” The blocks are kept well greased 
with tallow. 

E. H. Waring has pointed out (A mer. Mach., Nov. 30, 1905) that the 
ultimate capacity of the Prony brake is measured by the capacity 
of the water to absorb the heat, which is measured by the drum 
surface alone. When operating below the ultimate capacity, the 
brake absorbs power in proportion to its speed but, as an 
increase of speed does not increase the surface in contact with 
the water, such increase, after the capacity is reached, while 
adding to the work put into the brake, does not add to its capacity 
to absorb it. 

With Mr. Armstrong’s brake 200 h.p. are obviously about equiva- 
lent (perhaps a little more than equivalent) to 150 h.p. with the Union 
Gas Engine Co’s. brake. The Armstrong brake has a total drum 

48X 16 X 3.1416 

144 
gives .0838 sq. ft. per h.p. 


FIG. 0. 
Fics. 9 and 10.—Customary and improved constructions of the Prony brake. 


surface of =16.755 sq. ft. which, divided by 200, 


Similarly the Union Gas Engine Co’s. 
30X20 X 3.1416 
144 
divided by 150, gives .0872 sq. ft. per h.p. From these data we may 
fairly conclude that .og sq. ft. per h.p. marks the limit where firing 
is imminent, and this value is further fortified by Mr. Waring’s 
value of .1. 

Mr. Armstrong considers that the amount of block surface exerts 
an influence. His brake has 25 3X16-in. blocks—covering almost 
exactly one-half the circumference. This figure for the Union Gas 
Engine Co’s. brake is unknown. The concordance of the figures, 
however, is a clear index of their reliability. 

For brakes without water cooling no data are available, but, 
obviously, the constant should be greatly increased. It is, in fact, 
practically impossible to absorb much power continuously without 
water cooling. 


brake has a drum surface of =13.08 sq. ft. which, 
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Bass, beech, poplar, and maple are found more satisfactory for 
brake blocks than harder woods. 


The Rope Brake 


The rope brake has found much favor of late years for small and 
medium capacities. It is very flexible as regards capacity and is 
practically free from chattering. 

For the area of the drum surface in relation to capacity, the author 
has no special data. The limiting figures already given for the 
Prony brake (.09 sq. ft. per h.p.) will serve as a guide, remembering 
that, as ropes naturally take fire more readily than wood blocks, 
some increase in the surface provided is advisable. 

Additional data for the design of rope brakes are given by Pror. 
J. C. SMALLWoop (Power, May 28, 1912) as follows: 


FIG. ro. 


The simplest form of rope brake consists of a rope wrapped around 
a fly-wheel or pulley on the shaft the power of which is to be measured, 
as in Fig. rr. The ends of the rope are attached to some stationary 
apparatus through spring balances for measuring the pull which is 
created by previously tightening the rope. The difference between 
the tensions on the two ends is the net force overcome. To vary 
this force, it is necessary only to change the initial tightness of the 
rope. 

The horse-power is obtained from the formula 

2X radius X 3.1416 X force Xr.p.m. 
B.h.p. = 
33000 


or 
B.h.p. =.0o0019 Xradius X r.p.m.X force 

Strictly speaking, the radius of the brake should be taken as the 
radius of the wheel plus the radius of the rope, but, in most cases, 
the radius of the wheel only is sufficiently accurate. 

It is seen that since only the difference between the rope tensions 
is needed it is not necessary to measure them separately. Separate 
measurenent, however, allows a form of brake which is easier to 
make, although it is not so convenient to use. 

The form of brake shown in Fig. 11 may be applied to a vertical 
shaft, and the rope tensions are measured by the spring balances 
SS, the turnbuckle being provided to vary the tensions. This brake 
is suitable for small torques and high rotative speeds such as yielded 
by an electric motor or a steam turbine. For large torques, at least 
one of the spring balances must be replaced by a measuring device 
having a larger capacity. 

The force on the slacker side of the rope is generally small and 
therefore a spring balance is sufficient to measure it. The use of 
two spring balances, even with small torques, is objectionable as 
they are apt to allow bodily motion of the rope. This may result in 
chattering. 

In Fig. 12 one of the balances and the turnbuckle are dispensed with 
by using dead weights on the rope extremity having the greater 


The horse-power is varied by adding or removing these 
weights. This brake has the advantage than an increase of length 
of the rope does not affect the brake load since such an increase would 
be accompanied by a lowering of the weights only, the tensions 
remaining the same. 

The weights should be provided with a stop P, to prevent an acci- 
dentally excessive friction from raising or throwing them. The 
spring balance of Fig. 12 may be replaced by another but smaller 
set of dead weights. Then, when weight is added to one side, enough 
should also be added to the other to produce equilibrium. It is an 
awkward matter, however, to do this nicely, as unavailable sub- 
divisions of weights are at times required. 

The construction of Fig. 12 may be modified by using a single 
heavy weight on the left side and a set of small weights on the right. 
The heavy weight rests on a platform scales so that the rope tension 
on this side is the difference between the platform-scale reading and 
the weight on the scales. The brake load is varied by changing the 
weights on the right side. This device has been found very satis- 


tension. 


Plate Threaded 
for Handscrew 


Pin 


Flywheel Rim~ i 


Fic. 15. 
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be carefully determined with the ropes detached, and this weight 
subtracted from the readings taken during operation. 

Generally, if a brake load is to be carried by an engine for any 
length of time, some provision must be made to withdraw the heat 
generated by the friction to prevent the rope charring or catching 
fire. This is usually accomplished by feeding water into the trough 
formed by internal flanges on the rim of the fly-wheel or pulley to 
which the brake is attached. Usually, another pipe with a scoop- 
like entrance is arranged to withdraw the heated water. Very often, 
however, this is unnecessary, since, if boiling is allowed, the water 
supply may be adjusted so as to equal the evaporation; that is, 
evaporation disposes of the water without allowing the rope to get 
too hot. If the fly-wheel is not too small for the power absorbed, 
this means of disposal will be found effective. 

Air radiation sometimes provides ample cooling when the brake 
pulley is large in comparison to the power absorbed. This is particu- 
larly the case when the brake load is to be applied for a short time 
only. 


Fic. tA, 


Fics. 11 to 15.—Rope brakes. 


factory in that fine regulation may be secured with very uniform 
resistance. In this case the net force overcome at the rim of the fly- 
wheel is the heavy weight minus the sum of the scale reading and 
the small weights. 

In some cases there is not room to hang weights from the fly-wheel, 
in which case a brake of the type shown in Fig. 13 is applicable. 
The heavier tension is measured by the platform scales, being trans- 
mitted from the rope end by a lever L, having equal arms. The 
fulcrum is preferably a triangular piece of steel in order to avoid 
friction, but may be a pin, as shown. The handwheel is used to 
make fine adjustments of the load by tightening the rope; the turn- 
buckle may be used for coarse adjustments. 

Fig. 14 shows a form of brake in which the difference of tensions 
is measured directly froma single scale reading. The ends of the rope 
are attached to the cross pieces CC of a wooden frame which rests on 
a platform scales. It is important that stops SS be provided to 
prevent the lifting of the framework, if it is possible for the engine 
to reverse. It should be noted that the weight of the frame should 


Some safeguard is needed generally to prevent the rope from slip- 
ping off the pulley. The rope, like a belt, tends to run to the center 
of a crowned pulley, and where only a single or half turn is used on 
such a pulley no other provision need be made to keep it on. For 
large powers, where a number of ropes are necessary, it is well to 
provide some other means to accomplish this purpose, 

An externally flanged pulley will do this simply; if one is not avail- 
able, blocks like that shown in Fig. 15 may be fitted to the rope. 
This shows a block suitable to a single turn, or less, of double rope. 
Enough of these blocks should be fastened to the rope to hold it 
securely to the wheel. ‘ 

Except for light powers, it is better to use double rope, as this pro- 
vides more surface to resist wear without altering the desired relation 
of the tensions. 

It is preferable to attach the device for adjusting the rope tension 
to that end upon which the tension is smaller, namely, the end which 
points in the direction of rotation. The preference is made because, 
the force being less, it requires less effort to change it, 


BRAKES 


If two spring balances are used the springs should be of different 
stiffness; otherwise their vibrations are likely to synchronize and a 

chattering will result. 

The design is usually adapted to the size of pulley or fly-wheel at 

‘hand. It is first necessary to ascertain if the available pulley is 
large enough. 

To determine the size and number of ropes, there must first be found 
the net force which the brake must handle; that is, the force which 
will be indicated upon the scale, or the difference of the forces if two 
scales are used. To find this: 

Multiply the horse-power by 5250 and divide the product by the 
radius of the wheel in feet and the number of revolutions per minute. 
The final quotient will be the net tension. 

It is well here to emphasize the meanings of the terms net force 
and rope tensions. The net force is the effective force overcome by 
the engine. The rope tensions are the forces existing in the ends of 
the rope and their difference equals the net force. The tension in the 
tight end of the rope is therefore greater than the net force, and the 
rope must be strong enough to carry this tension. 


TABLE 3.—RATIO OF TENSIONS IN ROPE BRAKES. CALCULATED FOR 
A COEFFICIENT OF FRICTION OF .4 


Number of turns | Ratio of greater ten- Ratio of greater to 
rope | sion to net force lesser tension 
2 | I. 40 Brce 
3 pags: 6.50 
I 1.09 12.3 
1} | 1.05 23.2 
13 £62 43.4 
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The relative values of the rope tensions depend upon the number 
of turns around the wheel and the condition of the rubbing surfaces. 
Table 3 gives quantities that will reduce the calculations for design 
in the general case. 

The data apply to well worn manila rope on smooth pulleys. This 
table gives the ratios of the brake forces for various numbers of rope 
turns. From it is seen, for instance, that with a half turn, the greater 
rope tension is 1.4 times the net force and 3.51 times the lesser tension. 
It follows that to find the greatest tension resisted by the rope: 

Multiply the net force by the figure in the second column of Table 3, 
corresponding to the number of turns in the first column. 

Using this result, a suitable rope to carry the load may be selected 
from Table 4. This gives the working strength of good manila rope 
of three strands, a factor of safety of about five being used. The 
rope is listed according to its largest diameter. 


TABLE 4.—STRENGTH OF ROPES 


Diameter, ins. Working strength, lbs. 
300 
450 
700 
1000 


I 1300 


lI ypjco color tole 


I700 
2100 


HoH 
IR Cole 


In selecting the rope provision should be made for the weakening 
effect of wear. 


FRICTION 


Every small and medium-sized planer is an illustration of the 
perfection of action of a shifting belt acting as a friction clutch when 
properly proportioned and under loads that are not too great. The 
shifting belt, when applied to lathe and other machine-tool counter- 
shafts, is not satisfactory because its speed is too low, leading to the 
loss of that smartness and promptness of action characteristic of 
planer belts. Were counter-shaft belts driven at the speeds of planer 
belts, their action would be just as satisfactory. 

The most satisfactory analysis of friction clutches known to the 
author is that by Joun Epcar (Amer. Mach., June 29, 1905). Mr. 
Edgar takes as his design constant the product of the coefficient of 
friction and the unit pressure between the surfaces and thereby 
eliminates preliminary assumptions of that most uncertain factor, 
the value of the coefficient of friction. His constant is, of course, 
equal to the unit tractive force of the surfaces, this way of looking 
at it giving a more tangible idea of its meaning. The analysis was 
originally offered for expanding ring clutches in which an internal 
split metal ring is expanded against the interior surface of a surround- 


CLUTCHES 


The example is for h.p.=40, Edgar’s constant = 50; r.p.m.= 100; 
giving, for diameter=r1oins., breadth = 3.23 ins. or, for diameter = 20 
ins., breadth=8 ins. 

The values of Edgar’s constant given on the chart have been ob- 
tained as follows: 

For expanding ring clutches, metal on metal, Mr. Edgar compared 
actual clutches with the formula and found the value of C to range 
between 50 and 100. Table 1 of dimensions of actual clutches of 
thesame type is supplied by C. L. Urcner (Amer. Mach., June 24, 
1909), column rr giving Mr Edgar’s constant, having been added 
by the author. In all of Mr. Utcher’s cases the expanding rings are 
of cast-iron while the rings into which they expand are of cast-iron 
or low carbon steel (about 35 points carbon). Mr. Utcher says 
that “in caseg clutch fails on very heavy cuts which are quite within 
the capacity of the machine otherwise” and for this reason the 
average has also been given with this clutch omitted. ‘The average 
value thus obtained agrees quite closely with Mr. Edgar’s lower 
value, while the other cases, excluding 9, indicate that his higher value 


TABLE 1.—DIMENSIONS oF EXPANDING RING CLUTCHES 


Surface Surface Tangential] Radial force | Pressure on 
axi- i i Edgar’s con- 
H. p. of oe SEG ae ea of speed of force of |to produce R| surfaces of ae Pe 
OSS belt pa £ oe 2 ema eae clutch, clutch, ft. per] resistance F=fR clutch, lbs. ee. 
CEG Bees ee boas sq. ins. min. R =r DeTisq tae 
Columns I | 2 3 4 8 6 7 8 9 Io Il 
I 8 4 600 & I 9.5 430 310 3,100 325 32.5 
2 8 4 300 5 I 16 390 335 3,350 210 21 
3 16 8 400 6 I} 24 630 420 4,200 180 18 
4 24 12 400 7 It 28 730 540 5,400 200 20 
5 8 | 4 30 8} 13 40 67 1,970 19,700 495 49.5 
| 
6 8 4 30 9 1} 35 7k 1,860 18,600 525 uals 
"7 16 8 | 25 10 13 47 65 4,000 40,000 850 85 
8 24 12 20 12 13 57 63 6,300 63,000 I,1IS III 
ee eres ee 74 6 16 1} 63 25 9,900 99,000 1,570 157 
Average of Sl icc nee ool nea ene en ne al eMac Pe egal ak. vs fate bec keer | ee 61 
ON CLA Ream OTIVIU= Hann et paras, Oe ee Ne en |Boreotons slomnadmmmanieeencdiincloncsons doddilovedusedes [eget Fas cea ete ae ea ee 48.7 
ting 9. | | 


ing metal drum, but it is applicable to nearly all types, materials and 
duties, provided the constant is obtained from successful clutches of 
the type and subject to the duty in question. Mr. Edgar’s formulais: 


in which 
C=Edgar’s constant=coefficient of friction x radial pres- 
sure, lbs. per sq. in. =tractive force of friction surfaces, 
Ibs. per sq. in., 


d= diameter of friction surfaces, ins., 
6=width of friction surfaces, ins. 


This formula may be solved for several types of clutches by Fig. 1 
by Pror. J. B. PEppLE (Amer. Mach., Aug. 8, 1912) the use of 
which is as follows: 

Join the given horse power with the suitable value of Edgar’s con- 
stant and note the intersection with axis I; join this intersection with 
the given r.p.m. and note the intersection with axis II. Any values 
cf diameter and breadth lying in a line passing through the intersec- 


tion on axis IT will transmit the given horse power at the given speed. 


is admissible, especially as Mr. Utcher says, “from careful observa- 
tion of the condition of the clutches after several years’ running, I can 
assert that, without doubt, any of the clutches is capable of trans- 
mitting the full power, as given in column 2, for an indefinitely long 
period of time.” 

In Mr. Utcher’s clutches the surface of the rings was interrupted 
by grooves about a quarter of an inch in width cut transversely in 
order to permit the lubricant to escape. Experiment shows, he says, 
that this practice increases the driving power of the clutch about 20 
per cent. for the same applied pressure. C. W. Hunt (Trans. A. S. 
M.E., Vol. 30) cut such grooves g in. wide by #5 in. deep in increasing 
numbers and found a progressive improvement in the prompt engage- 
ment of the clutch until the grooves were spaced a little more than 
I in. apart. 

The diameter of clutches of this type should be large in proportion 
to the width, and the expansion ring should be stiff enough to prevent 
its expansion by centrifugal force. The pressure should be applied 
by some form of toggle or bell crank mechanism by which the pressure 
increases rapidly at the end of the movement. Thus equipped, 
Mr. Utcher says that in his clutches “in no case is the span of move- 
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ment more than rs ins., nor the pressure needed more-than can be 
comfortably applied by one hand.” 

Within the limits of uncertainty of the value of the coefficient of 
friction, the value of the tangential force required to push apart 
the ends of the expanding ring may be obtained by the relation that 
exists between radial and tangential forces, as in steam boilers, for 
example. Thus we have 


, Cdb 
separating force, SS ap 


f being the coefficient of friction and the remaining notation as before. 
For the imperfectly lubricated metal surfaces used in clutches of 
this type, f may be taken at .1. 

For clutches with jaws of wood working with drums of cast-iron and 
intended for occasional engagement (line shaft and similar service) 
Henry SoutHeEr (Trans. A. S. M. E., Vol. 30) gives dimensions of 
four clutches by the Dodge Mfg. Co: of powers ranging between 
25 and 908 h.p. at roo r.p.m. The wood blocks were of maple and, 
with the dimensions substituted in Mr. Edgar’s formula, the clutches 
yield values of C of 46.4, 15.9, 14.1, and 16.9 respectively, or an aver- 
age value of 15.8, for which we may use 16. 

When the wood blocks do not embrace the entire circumference, 
suitable correction must be made for the value of 6 when substituting 
in the formula or when using the chart. Thus, if the blocks embrace 
one-half the circumference, the value to be used for 6 is one-half the 
actual width of the blocks, and so for other fractions of the circum- 
ference embraced by the blocks. 

For the cone clutch it should be remembered when applying the 
formula, that the pressure factor in C is the normal pressure per sq. 
in., and that, for d, the mean friction diameter is to be used. The 
same values of C are applicable for the same materials and services. 

For iron on iron surfaces, values of C have been given and those 
for other surfaces follow and have been incorporated in Professor 
Peddle’s chart. 

For cone clutches having wood on iron surfaces and used under the 
conditions of frequent service, two hoisting clutches by the Lidger- 
wood Mfg. Co. were examined by the author and gave values for 
C_of 9.1 and 10.4 respectively, of which the mean is 9.75 or, say, Io. 

For leather faced cone clutches with the opposite engaging surface 
of metal and used under the conditions of frequent service, a hoisting 
clutch by the C. W. Hunt Co. was examined by the author and, 
under successful operating conditions, gave, for C, a value of 14. 
On one occasion this size of clutch was overloaded and the leather 
facing failed. The value of C for this condition works out at 20 3, 
indicating that, for the materials used, 14 is a safe value. Mineral 
tanned leather is used by the C. W. Hunt Co. for clutch facings, 
and is found to be more serviceable than oak tanned leather. For 
the latter material a smaller value would seem appropriate and, in 
the absence of other data, we may, for it, take 12 as a safe value. 

For leather faced cone clutches with the opposite engaging surface 
of metal, under the conditions of automobile service, six automobile 
clutches of medium and moderate powers (4 cylinders, of which the 
largest was 5X 57% ins.) were examined by éhe author, calculated not 
rated horse-powers being used. The resulting values of C were 2.01, 
3-32, 2.83, 2.4, 2.85, and 2.26, the average being 2.61 or say 2.5. 

For the axial pressure required to engage cone clutches the author 
has shown (Amer. Mach., Aug. 8, 1912) that 


Crdb sin $1 
ij 


? being the angle, degrees, between the axis and the conical surface, 
and this formula is true for any material and any service, suitable 


axial pres. = 


1The author is convinced that the formula in which a factor, the co- 
efficient of friction times the cosine of the angle, is introduced to provide 
for overcoming the endwise sliding friction of the cones on each other, is 
erroneous. It is a matter of common experience that a shaft, when in mo- 
tion in its bearings, may be traversed endwise by a force so small as to be 
negligible, and it would seem that the same action takes place in a clutch. 
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values of C and f being used. The following values of f are fair 
average values. Iron on iron dry .2; iron on iron imperfectly lubri- 
cated .1; wood oniron, .2; leather oniron, .3; cork inserts oniron, 33. 

Professor Peddle’s second chart, Fig. 2, may be used in place of 
this formula. 

The values of the axial pressure obtained from the formula or 
chart being those which will just drive, some surplus should be added. 

The angle of the cone is of importance as regards freedom of dis- 
engagement. For metal on metal surfaces, the dividing angle 
between sticking and non-sticking is about 6 or 7 deg. measured 
between the axis and the conical surface, according to A. J. SHAW 
(Amer. Mach., June 11, 1887). For free disengagement, the angle 
should be not less than 10 deg. For wood on metal surfaces the 
angle should not be less than 20 deg. (C. W. Hunt, Trans., A. S. M. 
E., Vol. 30). A common angle for the leather and metal surfaces of 
automobile clutches is 123 deg., but such clutches are always 
held in engagement by a spring and disengaged by foot pressure. 
According to C. W. Hunt (Trans. A.S.M.E., Vol. 30), leather faced 
cone clutches with angles of 18 to 20 deg. are fitted with an operating 
device for disengagement. 


Fic. 4.—Correct construction 
of cone clutch. 


Fic. 3.—Incorrect construction 
of cone clutch. 


A defective construction of cone clutch is illustrated in Fig. 3 which 
shows the effect of wear. The correct construction is shown in Fig. 
4. The extension of the male and female ends are at an equal angle 
from the acting surface, the result being an avoidance of the shoulder 
and an increase of surface as the parts wear. 

Cone clutches should have holes provided for the escape of air 
from between the cones. 

For Weston (multiple disk) automobile clutches running in oil, four 
clutches were examined by the author, three having six and one four 
cylinders, without finding any difference of practice characteristic 
of the number of cylinders used. The highest powered car examined 
had six 435% in. cylinders. The clutches had from 31 to sr 
disks, of outside diameters ranging between 8 and 12 ins., with face 
widths of $ to 1 in. 

In this type of clutch the mean diameter of the friction surfaces 
is to be treated as d in the formula, while for } the actual radial width 
multiplied by the number of rubbing contacts, that is, the number 
of disks—not twice the number of disks—is to be used. The width 
given by the chart is this product, which is to be divided by the 
number of rubbing contacts to obtain the width of the disks. Should 
large clutches run beyond the scale of the chart, the horse-power 
may be divided by 2 and the resulting number of rubbing contacts 
be multiplied by 2. As these clutches run in a bath of oil a low 
value of C is to be expected. 

The resulting values of C were .888, 1.09, .565, and .565, the aver- 
age being .777 or, say, .75. The highest value was found for the 
highest powered car and one of the lowest values for the lowest 
powered car, although the second lowest value was found for the 
next to the highest powered car. 

Multiple disk clutches should have narrow rubbing surfaces— 
preferably not over 75 the diameter, though this ratio is, in some 
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clutches, as low as sy. With wide surfaces the unsatisfactory 
action of step bearings is introduced. Moreover, with wide sur- 
faces, the bite of the central feather and the uncertainty of disen- 
gagement are increased. For both reasons the results are more 
satisfactory if the required surface is obtained by increasing the 
number of disks instead of the width of the surfaces. 

The Scotch coil clutch, Fig. 5, which has been used in Great Britain 
for transmitting 8000 horse-power, requires a different analysis 
from other types. H. H. NacamMan (Amer. Mach., Apr. 1, 1909) dis- 
cusses the construction as follows: The clutch consists of a steel 
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Frcs. 6 to 9.—Milling a claw clutch with an odd number of teeth. 


coil wound on a chilled cast-iron drum. At each end of the coil a 
head is formed. The head at the large end is attached to the pulley 
or shaft that is to be set in motion, while that at the smaller end of 
the coil serves as a point of application of a force, which produces 
an initial pull on the coil to wind it on the drum, thus gripping it 
firmly. The motion of the drum is thus transmitted to whatever 
is attached to the large end of the coil. 

The friction cf the coil on the drum is the same as that of a rope 
or belt on a pulley. That is, the relation of tension at the small 
end of the coil to that at the large end may be found from the equa- 
tion 

‘= e7%, 
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in which 
P=pull at large end of coil, 
Q=pull at small end of coil, 
e= base of natural logarithms = 2.718, 
f=coefficient of friction between coils and drum, 
a=angle subtended by coil in radian measure, 
= 6.283 for each turn of coil. 


vz : 
The table below gives values of = for various values of @ on the 


Q 


assumption that f for steel on cast-iron, lubricated, is .o5. 


bes PB 

a I 0 a | 0 
1 turn 1537, 5 turns | 4.81 
2 turns 1.87 6 turns 6.58 
3 turns Papi) 7 turns | 8.60 
4 turns Be St | 8 turns | D233, 


If D is the diameter of the drum in ins., and NV the r.p.m., then 
xzDNP 


h. p= "33000 X12 -00000793 DNP. 


As an example let it be required to find the horse-power capable 
of being transmitted by a clutch in which a coil of six turns is wound 
upon a drum 24 ins. in diameter The shaft makes 200 r.p.m. 
and a pull of 500 lbs. is applied at the small end of the coil. 

From the table we find 

P=6.58 Q0=6.58 X 500=3290 lbs. 
and 
ip. — 


This type of clutch will transmit motion in one direction only. 

The Lane friction clutch, which is in wide use in the United States 
on mine hoists employs the same principle of wrapping friction. 
The strap, however, goes but once (effectively a little less than once) 
around the drum and is lined with wood blocks. The relation of 
the tensions on the two ends of the strap may be obtained from Mr. 
Brown’s chart, Fig. 4, of the section on brakes, which see, using a 
coefficient of friction of .2 for wood on iron. 

The contracting band clutch used on some automobiles is subject 
to the same analysis as the Lane clutch, from which it differs only 
in materials and dimensions, provided the coefficient of friction be 
known. 

Claw clutches are more cheaply made if they have an odd number 
of teeth (PROFESSOR SWEET, Amer. Mach., Mar.17, 1910). Tomilla 
clutch with an even number of teeth it is necessary to set the mill- 
ing machine twice: first to cut one side of the teeth and then the 
other; but to cut an odd number of teeth it is necessary to have 
only a plain mill, thick enough so that twice through will cut the 
wide part of the gap, and thin enough so that it will pass through 
the small part. This will be best understood by referring to Figs. 
6, 7, 8 and 9. 

Fig. 6 shows a finished three-tooth clutch; Fig. 7 a single cut with 
a proper, thickness milling cutter set with one side exactly central; 
Fig. 8 the second cut, which finishes one tooth; and Fig. 9, the Ae 
cut, which finishes the other two teeth, completing the job. 

A clutch with any odd number of teeth can be finished in the same 
way, and if one side of the cutter is exactly central the clutch will 
be a mechanical fit. 


-00000793 XK 24 K 200K 3290=125. 
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CAMS 


The following methods for laying out cams, except when other- 
wise specified, are those of C. F. Suir (Amer. Mach, 1905) 

The usual motion given by a cam, when the cam roller is mounted 
on a radius arm, is that given by a crank and connecting rod to a 
cross head, the length of the radius arm being the equivalent of 
that of the connecting rod When the roller is mounted on a slide 
the motion becomes that of a crank and slotted cross head (Scotch 
yoke). 

For high speed cams this motion requires modification as will be 
explained later. 

The use of a spring for effecting the motion in one direction is 
sometimes desirable. In some cases the spring performs the return, 
while in others it performs the operating movement. When a spring 
performs the return movement, the failure of the spring to act leaves 
its driven part in the operating position and a wreck may be the 
result, while, if the spring performs the operating movement, a failure 
to act leaves the driven part withdrawn from the operating position 
and serious consequences are less probable. A conspicuous illus- 
tration of springs performing the operating movement is found in 
the linotype, adoption of the plan being due to considerations of 
safety. 

An objectionable feature of springs, especially for the return move- 
ment, is that the effort of extending or compressing them is added 
to the effort required to do the work. Except that the milling 
cutter must be kept to size, there is no greater difficulty in making 
a cam effect both movements than one. 

Omitting consideration of unusual cases, cams are of two types 
drum or barrel and face or radial, of which the former have the 
advantage that they are of smaller diameter for a given angle of 
cam groove, and the latter that their action on the roller is more 
perfect. 


Laying Out Drum Cams 


To lay out a drum cam operating a roller mounted on a slide, pro- 
ceed as in Fig. 1, in which the rectangle o, B, C, 12 represents the 
development of that part of the cam’s periphery in which the move- 
ment is to take place. The movement of the roller is shown full 
size by the line o B, and this movement is to be performed while 
the cam turns through an arc of which BC is the development. 
Upon A o equal and parallel to B o, a semicircle, called the throw- 
circle, is drawn equal in diameter to the movement of the roller and 
this semicircle is divided into any number of equal parts—in this 
case12. The developed arc BC is then divided into the same number 
of equal parts and projecting lines from the points on the semicircle 
give by their intersections with the corresponding verticals, points 
on the center line of the cam groove as indicated by the small circles. 
While the cam turns from B to C the movement of the roller is pre- 
cisely the same as would be given by a crank turning through the 
semicircle 0, 6, 12. The return movement may or may not be per- 
formed in the same interval of time, but its groove will be laid out 
in the same way. Should the movements be performed in the same 
time the movement of the roller is precisely the same as that of a 
cross head, but with a pause at each end of the stroke, and, should 
they be performed in different times, the same will be true except 
that one movement will be made more quickly than the other. 

The angle of the tangent with the center line of the groove should 


not exceed about 30 degrees, as indicated in Fig. 1.1 In laying out 
the drawing the distances 0B and BC are given as has been stated, 
and it is desirable to avoid the necessity of laying out the curve in 
order to determine this angle, and this determination may be made 
in several ways. Thus with the angle equal to 30 degrees, there is 
a constant ratio of 2.72 between the length of the lines Bo and BC. 
Bo being given by the conditions of the problem, it is only neces- 
sary to multiply it by 2.72 in order to obtain the length which BC 
must have in order to make the final angle 30 degrees. The length 
of BC, considered asa fraction of the entire circumference, is also 
known from the conditions, and from this the entire circumference 
and the diameter of the cam may be quickly determined. Thus, BC 
being 2.72 times the throw and occupying say degrees of the cir- 
cumference, we have: 


5 60 
circumference = 2.72 X throw X = 


2.72 throw X 360 
3.1416 Xn 

_ 312 X throw 
ig n 

The length of BC may also be determined with a protractor 
from the fact that, with the angle of the tangent to the cam curve 
equal to 30 deg., the angle Co 12 will be equal to.20 deg. 12 min. 
or, for practical purposes, 20 deg. This ratio of 2.72, and this 
angle of 20 degrees, are strictly correct for drum cams, of which the 
rollers move in straight lines only, but they may be used for cams 
of which the rollers are guided by radius arms without important 
error. For face cams these constants are modified, as will be ex- 
plained later. 

It will be observed also that near the point of tangency the curve 
and tangent coincide very closely and we may take advantage of 
this to obtain a graphical method which is accurate enough. Having 
divided the end circle, lay out the triangle abc, the height being 
projected from the throw circle and the hypothenuse being drawn 
at 30 degrees, when the base gives the length of one of the divisions 
of the base line. The same result may, of course, be obtained from 
the triangle cde. The chief use of the constants is in the prelim- 
inary layout of the chart, as will be explained later. When laying 
out the curves on the individual cam drawings the graphical method 
is preferable. 

If the roller is supported, by a radius arm, as it usually is, the pro- 
cedure is slightly modified as shown in Fig. 2. The base line and 
throw circle are divided as before, but instead of drawing perpen- 
diculars from the base line divisions, arcs of circles are struck through 
them with a radius equal to that of the proposed radius arm, as in- 
dicated by the line ad and centers c,d, e, etc., and the intersections 
of these arcs with the projection lines from the divisions of the throw 
circle form the locating points for the center line of the cam groove 
as indicated by the small circles. The angle of this line at its middle 
should, as in the former case, be not greater than about 30 degrees, 
as shown, and is predetermined as in Fig. 1. 


or diameter = 


, approximately. 


Laying Out Face Cams 
When the groove is upon the side or face of the cam disk the pro- 
cedure is shown in Figs. 3 and 4. Fig. 3 corresponds with Fig. r 


™Some designers increase this figure, going even to 60 degrees for light 
work. The monotype—a conspicuous example of high class cam construc- 
tion—employs angles as high as 37 degrees. 
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Pic. 1.—Drum cam, crank motion, for operating a slide. 


Fic. 2.—Drum cam, crank motion, for operating a pivoted lever. 
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Fic. 4.—Face cam, crank motion, for operating a pivoted lever. 


aying out the center lines of cam grooves. 


-—Face cam, crank motion, for operating a slide. 
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in that the roller is mounted upon a slide which moves 
radially with the cam disk. The camis here required 
to move the roller the distance oB while turning 
through the angle BC. The throw circle o, 6, 12 is 
drawn with a diameter equal to the radial movement 
of the roller and is divided as before into equal parts. 
The cam angle is similarly divided and radius lines 
0, I, 2, 3, etc., are drawn. The division points of 
the circle are projected to its diameter and arcs 
struck from the center of the cam and from the feet 
of the projection lines give by their intersection with 
the radial lines the points of the center line of the 
cam groove; the limiting angle appearing as before. 
In determining this angle for this style of cam the 
lower triangle abc should be used in preference to 
the upper one cde, as the tangency is closer below 
the middle point than above it. As with the drum 
cam this angle is regulated by varying the diameter 
of the cam disk. 

In laying down this style of cam upon the chart 
the figure B, o, 12, C must, of course, be represented 
by a rectangle of which the length is properly made 
equal to the outer arc BC. The constants which 
have been given for drum cams become for this 
construction 3.23 and 17 deg. 15 min., or, for 
practical purposes, 17 deg.; that is, the length of 
the rectangle should be at least 3.23 times its height 
and the angle of its diagonal with its base should not 
exceed 17 deg., showing that face cams must be 
larger than the drum style in order to have an 
equally favorable angle. 

While the constants given above apply to face 
cams, the extreme radius of a face cam groove is not 
much less than the radius of the piece, there being but 
a wall of metal and the radius of the roller between, 
and the convenience of a uniform outside diameter 
of cams is so great that this may be neglected, the 
curves of the chart being laid out as though the 
cams were all to be of the drum style and then 
make both face and drum cams of the same outside 
diameter. The face cam grooves will thus be slightly 
steeper than if they were of the drum style, but in 
only a few, and probably in no case, will the angle 
extend 30 deg. Were this angle to be materially 
exceeded in one of the face cams, especially in an 
important one doing heavy work, the whole set should 
be redesigned and enlarged. 

In Fig. 4 the roller is carried by a radius arm of a 
length ab. An arc cd is so struck as to pass through 
the center of the cam shaft if possible. Sometimes 
this is impossible, but the practice should be departed 
from only in case of necessity. The center a located, 
the arc ef is struck from the center of the cam disk and 
from centers located on it and with a radius equal to 
the length of the arm the arcs Boand C12 are struck, 
such that the arc 7 is the angle of cam movement 
during which the roller movement is to take place. 
The arc ef between the extreme centers gh of the 
arcs Bo and C12 is then divided as in previous cases 
and arcs 0, I, 2, 3, etc., are drawn from the division 
points as centers. The throw circle 0, 6, 12 is then 
drawn and the cam curve is quickly located. The 
limiting angle is again shown. 


Two-step Cams 


Face cams giving a movement in two steps are laid 


CAMS 


out as in Fig. 5. The driven crank arm is centered at 
A, its extreme positions being B and C with an inter- 
mediate dwell at D. The first movement is from B to 
D and the second from D to C. The cam roller is 
carried by an arm pivoted to the end of the crank arm 
and having a forked end which straddles a square guide 
block which rides on the cam shaft. 

The extreme throw is laid out on the horizontal cen- 
ter line and the lines B and C are drawn from A to give 
the same movement on each side of the vertical center 
line. The arc EF is drawn and the position D of the 
arm at the intermediate dwell is laid down. Chords GH 
are drawn and on them throw circles are drawn each of 
which is divided into parts as before, the division points 
being projected to the arc EF, The extreme positions 
of the arm which carries the roller are drawn in at J and 
J. The extreme positions of the roller are at K and L, 
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and an arc KL tangent to J will give approximately the 
path of the roller which may thus be treated as though 
pivoted at the center M of the arc KL, which does not 
conform to the recommendation that it should pass 
through the center of the cam shaft, as it is impossible 
to make it so conform. With radius FA and centers 
at the points of the arc EF projected from the division 
points of the throw circle on chord G, the positions of 
the circles 0, 1, 2, 3, etc., from the cam-shaft center are 
obtained and they are drawn. Points P, Q are found 
on the arc JN from which to strike arcs 0, and 12, to 
include the angle of movement of the cam within which 
the first movement of the roller is to take place, and the 
arc PQ is then divided as before and arcs Iq, 2a, 3a, etc., 
are drawn, the intersections of which with the corre- 
spondingly numbered circles drawn from the cam-shaft 
center give the outline of the center line of the cam for the first 
movement. The required length of dwell RS, for which the cam 
curve is of course a circle, is then laid out and the profile for the 
second movement is then determined in the same way from the 
throw circle drawn on chord H, but of this details need not be given. 
The limiting angle of 30 deg. appears in both cases. 

The return movement, not shown, is laid out from a third throw 
circle of which the diameter is equal to the sum of those already used. 

The above methods are sufficient to lay out any single-roller drum 
or disk cam of the types illustrated of which the time and extent of 
the movement only are determined beforehand. 


An Example of a Face Cam 


The layout of an actual face cam is shown in Fig. 6, a portion of 
the machine frame being also shown. The cam is to move a slide 
a by means of a fulcrumed lever b, the position of the roller center 
being at c on an arc which is laid out to pass through the center of 
the cam shaft, as already advised in connection with Fig. 4. 

The diameter of the cam disk being known or assumed, we draw 
the outer circle of the cam and lay down the thickness of the outer 
retaining wall, and the radius of the roller, and draw the arc no. 
The radial movement of the roller x is laid down as shown giving 
the arc pq as the inner limit of movement of the roller center. 
The throw circle is next drawn in and divided as has been explained 
and arcs from the feet of the perpendiculars from the division points 
are drawn. The arc through the center of the throw circle gives, 
by its intersection with the arc struck from the fulcrum h of the 
lever as a center, the location of the mid-position c of the roller. 
In the present case this happens also to be the middle of the return 
curve of the cam, but this is accidental. 

Assuming or knowing that the working movement of the roller 
must be made during an angle « of movement of the cam, we draw 
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Fic. 5.—Face cam, crank motion, for a double-throw fork lever. 
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an arc de from the center of the cam shaft as a center and passing . 
through the center / of the lever fulcrum, and take its radius hi 
in the tram and find centers f, g from which to strike arcs 7k and 
Im passing through the cam shaft center and spanning the angle @ 
as shown. ‘These arcs, by their intersections with no and pq, 
determine the positions of the cam curve for beginning and ending 
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the movement. Dividing the arc fg as before, we find points 1, 
2, 3, etc., from which to strike arcs 1, 2, 3, etc., which, by their in- 
tersections with the arcs ftom the feet of the perpendiculars through 
the divisions of the throw circle, give the successive positions of the 
roller center. From these centers circles having a radius equal to 
that of the roller define the cam groove. The return movement is 
laid out in the same way and from the same stroke circle, and is thus 
the same as the acting movement, although the two cam curves are 
very different. Those portions of the groove which represent dwells 
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The surface of the zinc may be blackened for the purpose (WM. 
V. Lowe, Amer. Mach., Feb. 27, 1908) by the use of a solution of four 
ounces of sulphate of copper in one pint of water to which about 
ro drops of nitric acid have been added. Clean any oil from the 
zinc before coating, then pour the solution over it and distribute 
it with a piece of waste. The color is governed by the nitric acid. 
Add acid until the color is right. After blacking rub the surface 


with an oily rag. This makes the color a more intense black. It 
should be dead, without luster. 


of the roller are, of course, arcs of circles having the center of the 
cam shaft as centers, and are drawn in. 


Making the Templet 


To make the templet proceed as in Fig. 7. 

A piece of thin sheet metal, for which zinc in very suitable, is 
tacked down on the drawing as shown by the shaded outlines. This 
sheet is previously cut to a shape which shall fall within the pitch 
line of the cam groove but without the inner border of the groove. 
Its form is easily determined by laying a piece of tracing paper over 
the drawing and then drawing freehand a line which shall mark the 
desired outline of the zinc. The paper is then trimmed to this line 
and is used as a templet to which to cut the zinc. 


Fic. 6.—Laying out a face cam. 


With the zinc tacked over the drawing the horizontal and vertical 
center lines are carefully drawn with a fine, sharp scriber and then 
with a pair of dividers having fine, sharp points, those portions of 
the roller circles which are covered up by the zinc are redrawn on 
the zinc. With an irregular curve the bounding line of these arcs 
is then drawn, though not shown in the illustration, the circular 
portion of the groove which represents dwells of the cam roller being 
drawn with the dividers from the center of the zinc as located by the 
center lines. 


Making the Former 


The outline completed, the metal is carefully dressed down by hand 
to the outline and the templet is then placed upon the former blank 


ee ae 
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which has previously been faced off. The center lines are drawn on 
the former blank and marked as on the drawing and templet and 
the outline is then transferred to the blank by a fine, sharp scriber, 


and the former is then dressed down to this line, the bulk of the 


metal being removed in a milling machine. The circular portions 
of the outline are easily followed exactly and the other portions are 
followed as closely as possible, after which they are dressed down 
to the outline as carefully as possible by hand. 
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Fig. 8 illustrates the laying out of a drum cam. To make the 
horizontal measurements on this drawing, it is necessary to trans- 
late the positions given in the chart by degrees into inches of cir- 
cumference and, dividing the entire circumference of the chart by 
the number of 5-deg. divisions, we find the length of each one of 
them. 

The movement of the roller should take place during 12 5-deg. 
intervals which, translated into ins., are laid down as is the verti- 


Fic. 7.—Transferring the cam profile to the templet. 


The error introduced by the hand work is not important as, the 
circular portions being exact, the movement given by the cam is 
exact, the slight error due to the hand work being in the rate of the 
movement cnly. 


Laying Out Drum Cams 


The laying out of drum cams c nnot be done quite as directly as 
that of face cams, as the layout must be a development and not a 
projection drawing. After laying out the profile, it is transferred 
to a sheet zinc templet, in the same manner as a face cam, which is 
then wrapped around the former on which the outline is scribed as 
in the case of a face cam. To provide for any minute discrepancy 
between the length of the templet and the circumference of the 
former, it is important that the place selected for the joint in the 
templet shall be within a straight part of the groove. Were it 
within an inclined part the result of such a discrepancy would be a 
jog when the templet is wrapped around the former, but by select- 
ing a straight portion this is avoided. 


cal movement giving the rectangle within which the curve is to be 
laid down and to find it we have only to follow the method given in 
Fig. 2. The throw circle is drawn and divided as before. Arcs ab 
and cd are drawn through the corners of the rectangle with the 
length of the radius arm as a center, giving the centers ef. The 
line ef is then divided and the intermediate arcs are drawn, the in- 
tersections of which with the parallels through the divisions of the 
throw circle give points on the pitch line of the groove from which 
circles with a radius equal to that of the roller define the groove. 
The dwell before the return movement takes place is then laid down 
and the return curve is drawn in the same way. 

A feature of drum cams which should not be overlooked is the divid- 
ing up of the arc of motion, as shown in Fig. 9, in which the lever 
is laid out as it should be with the arc of motion divided by both 
horizontal and vertical center lines. 

Conical rollers are frequently used for drum cams, the rollers being 
laid out as are the pitch lines of bevel gears. ‘This practice is of 
doubtful value as it leads to an end thrust which cramps the roller 
and leads to wear under heavy loads. Straight rolls are preferable 
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and to reduce the theoretically imperfect rolling action, they should 
be short—not much longer than half their diameter. 

The cam should run away from the fulcrum—not toward it. 

The diameter of the roller pin should not exceed one-half that of 
the roller in order to reduce the tendency of the roller to stick on the 
pin and thus wear flats. 


« ra 6 
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bodies. As falling bodies experience no shock in starting, so cam 
motions laid out to conform to the same law experience no shock 
in starting and the same is true for stopping if the retardation is 
made uniform like the acceleration reversed. 

The simplest method of laying out the gravity cam curve is that given 
in Fig. 10, in which the drawing of the parabola is avoided, by A. 
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Fic. 8.—Laying out a drum cam. 
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Fic. 10.—Laying out cams to the gravity base curve. 


High Speed Cams 


For high speed cams the throw circle is not a satisfactory base curve. 
It is well known that the crank motion, instead of being an easy, 
is a harsh one. In the center of the movement of an engine cross 
head, where the velocity is highest, the acceleration is zero while 
at the centers where the velocity is zero, the acceleration is at its 
maximum. Moreover, as the center is turned, the acceleration is 
abruptly changed from a negative to a positive maximum. For 
these reasons if there is the slightest lost motion pounding and noise 
result. 

The ideal base curve for high speed cams (note that the dividing 
line between low and high speed cams cannot be drawn) is the gravity 
curve (parabola) which differs from the circle as a base curve for 
cams in that the acceleration given by it is uniform as with falling 


B. Lenrest (Amer. Mach., A pril 13, 1905). Divide the base line AC. 
into equal parts as for the throw circle. Draw a line AE at any 
convenient angle and of indefinite length and lay off on it, to a con- 
venient scale, distances from A to F and from E to F proportional 
to the odd numbers 1, 3, 5, 7, 9, 11; connect £ to B or F to the middle 
point G of AB and draw from points 1, 3, 5, 7, 9, lines parallel to 
EB or FG, intersecting AB at 1, 4, 9, 16, 25, 36. Project these 
points thus found on AB to verticals from points 1, 4, 9, 16, 25, 36, 
on AC, and draw the curve (5) through these points thus located 
on the verticals. 


The Cam Chart 


The cam chart, by which the proper timing and coordination of 
cams is obtained, is such a large subject that its elements only can 
be presented here. The usual procedure in designing a cam-operated 
machine is to begin at its operating point, determining first the move- 
ments required and the general location of the cams and connections 
and then to lay out the chart in accordance with the required move- 
ments. A portion of such a chart is shown in Fig. 11. A base line 
is drawn representing the assumed circumference of the cams, which 
is subject to correction should it be found impossible to get all the 
movement into a circumference without increasing the cam groove 
angles beyond the limiting value. Needless to say, the process 
involves a good deal of trial and error work. 

The base line is divided into 5-deg. intervals of which only 22 
are shown in the illustration. A zero line common to all the move- 
ments is drawn at the left, the cams being treated at this stage as 
though all the rollers were upon the same line and had a common 
zero. It is simpler at this stage to treat all cams as though of the 
drum type. 

The extent of movement of the cam rollers are laid down ver- 
tically and full size. The point in the revolution when each move- 
ment must be begun or completed is laid down and a rise of the 
line from the base line represents this movement. The constants 
that have been given enable the preliminary layouts to be quickly 
made, though, if the movements are at all crowded, the chart curves 
must be laid out from the throw circles and radius arms, as has been 
explained in connection with the laying out of the cams. 

The movements are individually simple, being the simple shift- 
ing of a lever. The laying out of cams thus becomes a matter en- 
tirely separate from and subsequent to the design of the machine 
as a whole. The operating parts and their movements and the 
location of the cam shaft being determined and the connecting levers 
laid down, the matter, so far as it relates to individual cams, reduces | 
itself to the moving of these levers at the right times and by the — 
right amounts. The chart deals with these movements only, with- 
out regard to their direction or the connecting mechanism. 


Levers of Unequal Length 


When the cam lever arms are of unequal length (the cam end being 
the shorter) the Lanston Monotype Machine Company, employs 
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the method shown in Fig. 12 (Amer. Mach., Dec. 14, 1905) for laying 
out the cam curves. The chart is laid out for the full movement and 
then the line &/ representing this full movement is divided, kn being 
the cam movement. Point m being assumed at convenience, lines 
‘mand nm are drawn. Points on the chart curve being then pro- 
jected to the line /m and from the intersections down to nm the 
heights of the last intersections above the base line give the distances 
to be used in laying out the pitch curve of the cam. A reverse 
method obviously applies to the reversed arrangement of the arms. 


More Accurate Methods 


Increased accuracy of the former is obtained by the Lanston Mono- 
type Machine Company by the use of an iron drawing board, Fig. 
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Constructive Details 


An objectionable arrangement of drum cams is shown in Figs. 15 
and 16 (E. LAwrenz, Amer. Mach., Oct. 12, 1911). Not only is an 
unnecessary side thrust put on the lever and its bearing, but Fig. 16 
shows the cutting of such a cam to be difficult if proper contact with 
the roller is to be obtained—a difficulty which is still greater if the 
cam is to drive the roller in both directions. Fig. 17 shows the 
correct form with proper contact between cam and roller. 


Conjugate Cams 


The inertia of the roller gives rise to serious wear of closed cams 
at high speeds. The direction of rotation of the roller on its pin is 
reversed twice during each revolution of the cam at the points where 
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Fic. 11.—A portion of a cam chart 
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Fic. 12.—Construction for lever arms of unequal length. 


13, by which the cam outline is laid out directly on the former blank 
and the errors due to a transfer are avoided. The drawing board 
contains a pocket of a depth equal to the thickness of the former 
and a stump of the same diameter as the hole in the former. The 
board has a protractor ruled on its surface which enables angular 
lines to be ruled on the former which is coppered for the purpose. 
The heights of the cam curve as obtained from the chart are laid out 
on the blank which is then dressed down to the scribed outline. 

The radii representing dwells are made to micrometer measure- 
ments from the hole in the former, the inaccuracies of the hand work 
thus affecting the rate of movement only. 


Charts with Separate Base Lines 


Charts with different base lines for the various cams are preferred 
by some designers. An example of this lay out is shown in Fig. 14. 


the roller changes contact from one side of the groove to the other. 
At 140 r. p. m. this action on the monotype was found so destructive 
that with hardened rollers and steel pieces inserted in the cams 
at the places where the greatest wear developed, the usual life of 
some of the cams did not exceed six months. 

The double or conjugate system of cams was invented to meet this 
difficulty by J. Setters Bancrorr (Amer. Mach., Dec. 14, 1905). 
A pair of conjugate cams, a and d, Fig. 18, are keyed to apair of shafts 
which are so geared as to run at the same speed and in the same 
direction as indicated by the arrows. The roller c lies between 
them and is driven in one direction by one cam and in the opposite 
by the other. It will be observed that with this arrangement the 
direction of rotation of the roller on its pin is never changed. Its 
speed, of course, varies with the diameter of the cam surface act- 
ing at the moment, and to this extent its inertia comes into play 
to induce sliding, but such changes in speed are small in com- 
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Fics. 15 and 16.—Incorrect cam-lever arrangements. 
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Fic. 17.—Correct cam-lever arrangement. Fic. 18.—Conjugate cam system of the monotype. 
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parison with reversal and, moreover, they are always gradual, 
whereas the reversal with the usual style of cam is abrupt. 

Such cams of cast-iron are more than twelve times as durable as 
the old style of face cams with steel inserts. 

To insure the cams being true conjugates they are cut on a special 
machine, one cutter acting simultaneously on both cams. 

The reversal of the roller does not take place with cams of which the 
movement in one direction is made by a spring, and hence such con- 
structions are free from wear due to such reversal; on the other hand, 
the spring construction introduces other difficulties at high speeds. 


Spring Adjustments 


The varying resistance of springs due to their extension and the 
resulting varying pressure on the roller may be approximately com- 
pensated by the method shown in Figs 19 and 20, by E. LAWRENz 
(Amer. Mach., Oct. 12, 1911). 

The cam lever AB with the roller at A swings through the arc A Ai, 
the spring S being connected to a third arm OC, so arranged that, as 
the spring is extended and its resistence increased, the effective 
lever arm is reduced in the same proportion that the extension (not 
the total length) in increased. Thus Fig. 20, the free length of 
the spring, being DE=D£,, for position OC, the extension is EiCy 
and the effective lever arm is OF,, while for position OC the extension 
is EC and the lever arm OF. To make the compensation (which is 
exact at the extreme positions and approximate at intermediate 
points) it is only necessary to make 

OFX EC=OF 1X EiCi 


To find the required extensions draw a diagram, Fig. 21, in which 
ab=OF and ac=OF;. Through any convenient point d on the 
base line, draw db and dc and extend them. Locate efg such that 
g is equal to the difference between DC and DC, when ef=£1C1 
and eg=EC, 
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Fics. 19 to 21.—Equalizing the Spring Pressure on Cams. 


This construction is most appropriate with cams laid out on the 
gravity curve system, in which the acceleration of the driven piece 
being uniform, a uniform force is suitable. With cams laid out on 
the throw circle system the acceleration is at a maximum at the be- 
ginning of the movement and the natural action of a spring in giving 
the greatest force at the point where the acceleration is greatest 
is suitable. The acceleration becomes a factor, however, only at 
speeds such that the inertia of the parts is a factor and at speeds 
below this point the construction becomes appropriate for cams laid 
out from a throw circle. 


SPRINGS 


The use of spring tables or charts is greatly facilitated by prelim- 
inary calculation of the data, which may be made graphically as 
explained by B. C. Batcheller, Chief Engr. New York Pneumatic 
Service Co. (Amer. Mach., Aug. 3, 1911) as follows: 

In designing machinery in which a spring is required, the designer 
usually knows the length of movement of the spring, the force that 
the spring should exert at some point in its movement, say at the 
beginning, and the variation in force that is allowable throughout 
its movement. These are his fundamental data and before he can 
use the spring formula or tables he must ascertain by computation 
the total compression or extension of the spring from the free length. 
In case the spring is free at one end of its movement, no such compu- 
tation is required, but such is not usually the case. 


Frcs. 1 to 3.—The preliminary design of springs. 


Fig. x represents a spring, to be used in compression, exerting a 
minimum force Pi, a maximum force P2, with a movement in length 
D. We wish to know the total amount of compression A. On the 
horizontal line XX, erect two perpendiculars, P; and Po, of as many 


units in length as the respective forces, and distant apart, D. Through - 


the upper ends of the two perpendiculars, P; and P2, draw an inclined 
line, producing it until it intersects the base line at O. ‘The distance 
A from the point O to the perpendicular Py, is the total amount of 
compression of the spring. By similar triangles: 


heme oe 
D2 SE, 
therefore 
P»D 
a TESS. 


Knowing A and P2 we are now prepared to use the formula or tables 
of springs above referred to. 

Fig. 2 shows a similar diagram for a spring in extension. It is 
obvious that P; can never equal P2; in other words, we cannot make 
a spring to exert a constant force through a sensible length of move- 
ment, and the less the difference between P; and Py, the greater must 
be the total amount of compression or extension. Such a diagram 
and computation should be made of every spring, no matter how 
insignificant, for they give a clear idea of the limitations of the case 
in hand. 

Example.—Required, a spring to move a piston in one direction 
that is moved in the opposite direction by a definite fluid pressure, 


Fig. 3. 


Let P:=150 lbs., 
P»=175 lbs., 
and D=T= ins: 
= a 
= LSA os ins. 
I75—150 


We must have a spring of sufficient length, diameter, number of coils 
and size of wire to bear a total compression of 82 ins., and exert a 
force of 175 lbs. under this maximum compression, without injury 


to the spring. 
Helical (Commonly Miscalled Spiral) Springs 


The carrying capacity and deflection of helical springs of round wire, 
in tension or compression, may be determined from the established 


formulas: 
3 
W= 3927 
PDN 
F o> Gar 


For square wire there is some variation in the coefficients given by 
different authorities. Square wire is disappearing from the best 
practice as it should—the circular section being the more suitable. 
The formulas recommended, if square wire is to be used, are: 


Sd 
W=.444-,- 

PD3?N 
BS5°S. Gaia 


in which 
W =carrying capacity, lbs. 
S=fiber stress, lbs. per sq. in., 
d=diameter of round or side of square wire, ins., 
D=mean diameter of coil, ins., 
F =deflection of spring, ins., 
G=torsional modulus of elasticity, 
P =load, lbs., 
N =number of coils. 

These formulas ignore certain secondary stresses, and the propor- 
tions of the springs must be such as to make these stresses negligible 
if the results given by the formulas are to agree with the facts. Thus 
the larger the coil in relation to the diameter of the wire the better. 
In no case should the ratio of these diameters be less than s. Again 
the smaller the helix angle the closer will the calculated results agree 
with the facts. The formulas for deflection again presuppose that 
the correct torsional modulus of elasticity for the material used is 
employed. The formulas will again give more accurate results 
for tempered steel than for piano-wire springs, in which latter in- 
ternal stresses complicate the conditions. 

Uniformity of practice in the matter of fiber stress is not, of course, 
to be expected. From discussions that have appeared in the columns 
of the American Machinist and elsewhere the following stresses appear 
to be safe and conservative: 

For small springs of hard-drawn piano wire there is good warrant 
for stresses up to 100,000 lbs. per sq. in. For springs of tempered 
steel the following stresses may be used: 


Diameter of steel, ins. | Stress, Ibs. per sq in. 


Up to % 75,000 

+ | 70,000 

° 3 | 60,000 
2 | 59,000 
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It should, however, be said that some large users of springs limit 
the stress to 40,000 lbs. while, on the other hand, the Pennsylvania 
R. R. uses stresses of 60,000 to 70,000 lbs. All these figures are for 
springs subject to moderate shock. For heavy shock they should be 

reduced. Phosphor-bronze may be stressed to 15,000 Ibs. and brass 
wire to 5000 lbs., the figures for brass being the least well established 
of all. 

The torsional modulus of elasticity for steel, according to American 
investigators, averages about 12,600,000, while British experimenters 
give the smaller value, 11,000,000. It has been repeatedly proven 
that this constant has the same value for tempered and untempered 
steel. . The effect of tempering is to raise the elastic limit and ultimate 
strength, without changing the modulus. The result is that while a 

tempered spring will carry a much heavier load without permanent 
set, the rate of deflection is unchanged. The value of the modulus 
for phosphor-bronze is 6,200,000 and for brass 3,400,000, the figures 
for brass being, again, less well established than the others. Con- 
sidering the miscellaneous compositions that go by the name of 
“brass” definite values for the fiber stress and modulus are not to be 
looked for. 

The accompanying charts, Figs. 4 and 5, by Pror. J. B. Prp- 
DLE (Amer. Mach., Aug. 15, 1912) give the same results as the above 
formulas and enable calculations for helical springs to be made with 
great facility. The use of the charts is explained below them. 

The charts may obviously be worked in any convenient direction 
in accordance with the given and required quantities. 

In ordinary cases several trials must be made before a spring of 
the required strength and deflection is found, and it is in the conveni- 
ence of the charts for making these trials that their best feature lies. 

Of course, good sense must be used in all such work. Thus in 
the case of a compression spring it may easily happen that the 
deflection given by the chart will more than close the spring—an 
impossible condition of course. This must be watched for and a 
spring be chosen which will not be an absurdity. The charts are 
equally applicable to both extension and compression springs—no 
initial tension being understood in the case of extension springs. 

The deflection of conical helical springs may be obtained from the 
formula (G, M. StrompBeck Amer. Mach., Feb. 1, 1912): 

D’+D?D.+D,D?+D23 
—~ Gd 
in which f =total deflection under load P, ins., 
N =number of coils, 
P=\oad, lbs., 
D,=largest diameter of coil to center of wire, ins., 
D,=smallest diameter of coil to center of wire, ins., 
G=torsional modulus of elasticity, 
d=diameter of wire, ins. 

To design a double or triple helical spring (two or more concentric 
springs) each individual spring to carry an equal part of the total 
load, proceed as follows, (O. A. THELIN Amer. Mach., Dec. 27, 1906): 

Let P=total load, lbs. 

N =number of individual springs, 
D=pitch diameter of outer coil, ins., 
d=diameter of wire of outer coil, ins; 


f=2NP 


then * =load per spring, lbs. 


IP : ‘ 
Design the outer coil for load V draw a line perpendicular to the 


axis of the spring through the center of the cross-section and offset 
.3d to each side of this line on the axis, as in Fig. 6. From these two 
points draw tangents to the circular section of the coil d, when any 


12 
coil dy, ds, etc., tangent to the two lines will also carry N Ibs. load. 


Theoretically, the two tangents will not be straight lines, but form 
the curve of a cubic parabola. The difference is, however, slight 
and need not be considered for practical purposes. 
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Helical Springs in Torsion 


The strength and deflection of helical springs in torsion are usually 
calculated from the equations for the bending of straight beams. 
While these equations are inexact for the conditions, they are much 
simpler than those based on the curved-beam theory and, for springs 
of the usual proportions of wire and coil diameters, they lead to 
errors that are unimportant. 


Fic. 6.—The design of multiple springs. 


The formulas are: 


3 
u=""'s 
a MDN { for round wire 
a= Bie 
d3 
M="—S 
2160 MDN { !°r square wire 
> kia 


in which M =twisting moment, lb.-ins. 
d=diameter of round or side of square wire, ins., 
S=fiber stress, lbs per sq. in., 
a=angle of twist, deg. 
D=mean diameter of coil, ins., 
N =number of coils,’ 
E=tension (not torsion) modulus of elasticity. 


For springs loaded in this manner square wire is more appropriate 
than round. 

The accompanying charts, Figs. 7 and 8, by Pror. J. B. 
PEDDLE (Amer. Mach., June 19, 1913) are based on the above formulas. 
Instructions for use will be found below them. Safe fiber stresses 
may be taken at from 80,000 to 100,000 lbs. per sq. in. for tempered 
and from 30,000 to 40,000 for untempered steel. For hard-drawn 
spring brass wire stresses of 15,000 to 20,000 lbs. per sq. in. may be 
used. For steel the usual values of the modulus of elasticity are to 
be used. For spring brass wire, the values of the modulus, according 
to Professor Peddle, range between 13,000,000 and 14,800,000, with 
an average of 14,000,000. 

With a little calculation, the charts are applicable to wire of 
rectangular sections other than square. 

Assume that a wire .2 in. thick (perpendicular to the axis of the 
coil) is to be used, the load being 120 lb.-ins. and the fiber stress 
60,000 lbs. per sq. in. First find the load which may be carried by a 
square wire .2 in. on a side, namely 80 lb.-ins. For other widths, 
parallel with the axis of the coil, the load is proportional to the width, 
so that for aload of 120 lb.-ins. the required width is .2 in. X — .3 in. 

The deflection, on the other hand, will vary inversely as the width, 
Hence, in the example shown on the deflection chart, if we use a wire 
.2X.3 in., instead of a wire .2 in. square, the deflection will be § of a 
revolution instead of one revolution with the number of coils given. 
Or if we must have a deflection of one revolution, it will be necessary 
to increase the number of coils by so per cent., which would mean 
37% coils instead of 25. 
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Elliptic and Semi-elliptic Springs 


The strength and deflection of elliptic and semi-elliptic springs may 
be determined from the formulas: 


AL? 
D= th full elliptic 


alt Ape ea 
ip & semi-elliptic 


in which P=safe load, lbs., 
n=number of leaves (total for semi-elliptic and for one side 
of full elliptic), 
b=breadth of leaves, ins., 
t=thickness of leaves, ins. 
f =safe fiber stress, lbs. per sq. in., 
L =free length or projection of one end from center band, ins. 
D=deflection, ins., 
E=modulus of elasticity. 


=o 
K=5=5i|* ar(1—r) —r? loge | 


No. of full length leaves 
total No. of leaves 


De 


a 
g 
Lol 
$ 
a 
be) 
8 
3 
o 
a) 
w 
° 
n+ 
n 
vo 
8 
4 
2 
| 
al 


20,000 


10,000 
8,000 
6,000 
4,000 


2,000 
1,000 


800 
600 


Wire, Ins, 


are 
\ 


\ 


Thickness of Squ 


20,000 


10,000 
8,000 
6,000 
4,000 


2,000 


1,000 
800 
600 


Fiber Stress, Lbs. per Sq. In. 


70,000—70 000 
60,000-- 60,000 
50,000-—-50,000 
40,000 40,000 


30,000 


120,000——120, 000 
110,000-1-110,000 

100,000--100,000 
90,000—90,000 

80,000-—-80,000 


20,000——20 000 


10,000——10,000 


5,000_1 5,000 


Connect the given twisting moment with the desired fiber stress. 
The line extended gives the required thickness of wire. The ex- 
ample shows that a square wire .2 in. thick will carry a twisting 
moment of 80 lb.-ins. under a fiber stress of 60,000 lbs. per sq. in. 


Fic. 7.—Carrying capacity of helical springs in torsion. 
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In these formulas, by Prof. J. B. Peddle, the equivalent plate 
spring is assumed of the trapezoidal form, Fig. 9, instead of, as usual, 
the triangular form, Fig. ro. For structural reasons there must 
be at least one full-length blunt-ended leaf, and the assumption of a 
triangular equivalent, when the number of leaves is few and r, 
therefore, large, leads to errors which may equal 10 or 12 per cent. 
and even more if there is more than one full-length blunt leaf. 

It is necessary, in order that the comparison between the ideal and 
actual springs should hold good, to have the points of the shortened 
leaves tapered in width or in thickness, or both, so as to make the 


{2 
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\ 


FIG. 0. Fic, 10. 


Fics. 9 and ro.—Equivalent plate springs. 


transmission from one leaf to the next one gradual. If this is not 

done and the leaves are blunt-ended, the sides of the ideal plate 

spring would have to be stepped instead of straight. In the absence - 
of a definite knowledge of the constants of the material, it may be 

assumed that for the usual spring steels the safe fiber-stress will lie 

between 75,000 and 100,000 Ibs. persq.in. The stresses to be used 

for thin leaves will usually approach the higher values, while those 

for thick ones will be lower. £ will usually be found to lie between 

25,000,000 and 30,000,000, though both lower and higher values 

than these are given by some authorities. 

The accompanying charts, Figs. 11 and 12, also by PrRoressor 
PEDDLE (Amer. Mach., A pr. 17, 1913) give thesame results as the form- 
ulas and eliminate the laborious calculations due to the complex form 
of the expression for K. The use of the charts is explained below 
them. 

When comparing the calculated with the actual deflection of leaf 
springs, it must be remembered that the friction between the leaves 
introduces a disturbing factor, the effect of which cannot be 
calculated. 

The strength and deflection of flat ae leat) springs may be deter- 
mined from the formulas of Table 1, by R. A. Bruce (Amer. Mach., 
July 19, 1900). 

Assuming the length to be determined by circumstances and the 
load and deflection to be given, the simplest method of proceedure 
is to first settle upon the proper depth ¢ in order to secure the requisite 


deflection. “The formula for this purpose is 
[2 
t=ax x (2) 


in which /=length, 
d=deflection, 
t= thickness, 


all in inches. 

The value of the multiplier a depends upon the safe stress f and 
the modulus of elasticity multiplied by a number which varies accord- 
ing to the type of spring adopted. The general value of a is given 
for each type of spring in the column under the heading a, but inas- 
much as a good all-round value for f is 60,000 and for E 30,000,000, 
a second column has been added, giving the numerical value of a 
for these values of the stress and modulus. They may be confidently 
used for general work, and in cases where springs are not subject to 
alternate bending in opposite directions. The thickness having 
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been determined, the breadth in ins. is next found by making use of 
the formula, 
Wi 
b=GxX P (d) 
in which J’ =maximum load, lbs., 
t=depth, ins., 
=length, ins. 


The value of c for the general case is given under the first column 
marked at the head c. For ordinary steel springs a second column 
of values of c has been added, the values assigned to f and E being 
the same as before. The principal dimensions of the spring are there- 
fore easily settled. In order to find the cubic volume of the spring, 
multiply the product of /, 6 and ¢ by the number given under the 
column marked v. A useful check on the work is to find the energy 
to be absorbed by the spring by multiplying the deflection by half 
the maximum load. If this quantity be divided by the number 
given under the heading R, the result should be equal to the volume 
of the spring in cubic inches. The first column lettered R gives the 
general value of the resilience per cubic inch for a spring of a particu- 
lar type and the second gives the resilience when the stress is 60,000 
Ibs. per sq. in. and the modulus of elasticity is 30,000,000. 

The maximum load and the deflection for a given load can be found 
by transposing formulas (a) and (b) as follows 


(c) 


(@) 


Materials of and Miscellaneous Information on Springs 


Ordinary carbon steel used for springs, according to C. A. TUPPER 
(Amer. Mach., Mar. 24, 1910),,has about the following chemical compo- 
sition: Carbon .g5 to 1.05 per cent.; manganese 025 to.o4o per cent.; 
silicon .12 to .15 per cent.; phosphorus and sulphur not over .03 per 
cent. each. The elastic limit to be expected from such steel varies 
so much with the heat treatment and the methods of tempering used 
that general statements are without value. The highest figures 
observed were given in a paper read before the International Society 
for Testing Materials, September 9, 1909, for steel of approximately 
the above characteristics hardened in water at 1425 deg. Fahr. and 
drawn to 750 deg. Fahr. The diameter of the test piece was .g9q in. 
It showed an elastic limit of 240,800 lbs., with modulus of elasticity 


29,220,000 and broke under a deflection at the middle of -744 in.” 


It is apparent that the allowable limits of specifications for finished 
springs are rising at a very rapid rate, and what the immediate future 
will bring can only be conjectured. In practice, however, the elastic 
limit actually necessary is very far below the extreme figures just 
cited. For special alloy steels the chemical composition varies widely, 
particularly in relation to the carbon and manganese contents, which 
may range considerably lower. 

Fuller, though older, information regarding the carbon content of 


steel for springs is found in a paper read by Wm. Metcalf before 


the American Society for Testing Materials, 1903, as follows: 

The lower carbons should be put into the larger bars, because the 
large bars are the most difficult to harden safely, and the difficulty 
increases in a geometrical ratio with the increase in carbon. A good 
tule is to put .70 to .go carbon into bars of more than 1 in. diameter; 
bars from 1 to 2 in., .90 to 1.10 carbon; bars from } to } ins., 1.10 
to 1.20 or even 1.30 carbon, and little rods below # in. any high 
carbon up to as much as 1.45. 

Regarding hardening and tempering, Mr. Metcalf says that steel 
of .60 to .go carbon may be hardened in water; with about .go carbon, 
a film of oil may be used on the water. From -go to 1.10 carbon, 
about 4 or 5 ins. of oil may be used on the water, and for higher 
steel oil should be used and kept cool by an external tank of 
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TABLE 1.—STRENGTH AND DEFLECTION OF FLAT SPRINGS 


Notation 
f=safe stress, lbs. per sq. in., 
E=modulus of elasticity, 
R=resilience or energy, in.-lbs. per cu.in., 
W =maximum load on spring, Ibs., 
8= maximum deflection, ins., 
/=length of spring, ins., : 
t=thickness or depth in ins. =1x 
es Wil 
b=breadth in ins. =X 


V =cu. ins. in (useful part of) spring =v X/bt. 


For f =60,000 


General = 
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cold circulating water, or by a coil of pipe inside of the tank with 
cold water running through. 

Tempering must be suited to the carbon; .70 to .80 carbon will 
require very little drawing; -90 to 1.10 may require the oil to flash, 
and for higher carbons the oil may be burned off. Above 1.30 
carbon a heat that barely begins to show color will generally give 
a good spring temper. In tempering, as in hardening, good sense 
and good judgment are the best guides, 


; 


SPRINGS 


The desirable composition of steel for helical springs according to 
the specifications of the Pennsylvania Railroad is as follows: 


CarDOtn seen ne auricle. oe. 2.00 per cenit. 
Wien fanesee ence ates tome te ae 2s Der cent. 
Phosphorus, not above.............. .05 per cent. 
Siliconera Wi ae chee .35 per cent. 
Sulphurynot abovewnw..-.e-t ee, «4 03 per cent. 


In case the carbon is found to be below .9o per cent., the manganese 
above .50 per cent., the phosphorus above .o7 per cent. and the 
silicon below .25 or above .5o0 per cent., the springs represented by 
the sample or samples will be rejected. Springs made from bars 
three-eighths of an inch or less in diameter need not conform to the 
chemical limits above, but such springs will be rejected if the carbon 
is below .50 per cent., the manganese above 1.00 per cent. and the 
phosphorus above .rr per cent. 

The desirable composition of steel for elliptical springs, according 
to the specifications of the Pennsylvania Railroad, is as follows: 


@arhon eer te eee ee 
IBhospnonus~motabover.sosse sea... - 
Manranese. Not above. w.. cick cscs aes 
SICOns NOt ADOVE sac aee ce vise es he 
Sulphiranot ahoves.. <0 ..6o.: 
@GnnerMiO® ANDOVER oc: mick cng ges sie 


1.00 per cent. 
.03 per cent, 
-25 per cent. 
.I5 per cent. 
-03 per cent. 
-03 per cent. 


Springs, however, will be accepted which on analysis show the metal 
to contain: 


Carbon, not below .oo per cent. or not 
DGC is 


yn Ee 1.10 per cent. 
Phosphorus, not above...... 


-O5 per cent. 


Manganese, not above........ -50 per cent. 
DIsCONMNOUADOVE Wet. ae saa -25 per cent. 
Sulphiy jot ADOVGs 2... scr ot tk a, 22 05 per cent: 
Goppermmotapove..-.-....-...72.465 <O5jper cent. 


For additional information on steel for springs see Steel. 

Particulars regarding the behavior of springs and the practice of the 
Westinghouse Electric and Mfg. Co. are given by R. A. PEEBLEs, 
Research Engineer of the company (Amer. Mach., May 2, 1912). 

‘Yhe drawing usually specifies the free height of the spring, the num- 
ber of turns, the size of wire or bar, and either the outside or inside 
diameter of the spring according to where it is to be used. The 
specification provides, however, that the manufacturer, in order to 
obtain the desired combination of load and compression, may vary 


- the size of wire used, provided the fiber stress figured from the size 


substituted be not more than ro per cent. greater than the stress 
figured from the size specified on the drawing. Imperfect workman- 
ship is responsible for the greater number of poor springs, and in 
the majority of cases the faults seem so slight that it is often diffi- 
cult to convince the manufacturer that they are the cause of the 
discrepancies. 

It will be found that of springs which are accurately designed those 
give most trouble which have the smallest number of turns or the 
smallest diameter in proportion to the size of the wire. This is 
because the source of most of the inaccuracy is in the two end turns 
which are set up against the adjacent turns and ground or hammered 
flat to fit the spring seat. 

The end of the wire in the set up end turn should no more than touch 
the next turn as shown in Fig. 13, and not lap against it as in Fig. 14. 
In a large proportion of the springs tested the end turns lap as in 
Fig. 14, often to the extent of } to § of a turn at each end. This 
robs the spring of } to $ of an active turn, thus increasing both the 
compression per turn and the corresponding load at the required 
compression. ; 

It will easily be seen that this is a serious matter in a spring of say, 
four to six turns and is sufficient in itself to throw the spring outside 
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the requirements even of a specification which permits a variation 
of ro per cent. from the specified load. In the case of some large 
springs tested the load at a given compressed length was found to 
vary from 6000 to 14,000 lbs. The load required was gooo lbs. 
These springs were from }% in. diameter bar and had only 3% turns. 
In some of them the end turns did not touch the adjacent turn at the 
tip. These were the low ones. In others the end turns lapped nearly 
a half turn. 

By far the larger number of springs which fail to pass are too strong. 
Springs are seldom below the requirements. This was explained by 
one spring maker on the ground that springs are usually accepted 
by railway companies even when considerably over the specified 
loads. Since the work done for railway companies forms a large 


Fie, 13. 
Fries. 13 and 14.—Correct and incorrect constructions of springs. 


FIG. 14. 


part of their business, the spring maker usually aims high. This is 
given for what it is worth; as a matter of fact, we have seen that th 
ordinary defects of manufacture are such as would increase the load 
at a given deflection. 

In a discussion on springs (Trans. A. S. M. E. Vol. 23) A. S. Cary 
referred to the many different methods of making springs, the various - 
ways of preparing the wire for them, their treatment during manu- 
facture and their treatment after they leave the spring machine. 

Thus springs are made from hard drawn or hard rolled wire which 
receives no tempering treatment after being coiled. Wire made hard 
by working owes this quality of hardness to the many internal stresses 
it contains. Such springs have a comparatively limited elastic 
limit and are easily fatigued, although the resistance to extension 
or compression, within the elastic limit, is considerably greater than 
with any other kind of wire of the same size. 

A hard drawn or hard rolled steel spring can be much improved 
by a process invented and patented by Mr. Cary’s father, by which 
the spring, after being formed and pressed, is heated to a temperature 
between 400 and 700 deg. Fahr. and then rapidly cooled in a blast of 
cold air. A spring of this kind, after this treatment, seems to have 
the internal stresses which were introduced during the coiling and 
pressing processes removed; its elastic limit is materially increased 
and it is less easily fatigued. 

In making compression springs by this process it is found necessary 
to coil them to a considerably greater pitch than is found in the 
finished spring, and then they must be subjected to a sudden overload 
beyond their original elastic limit which reduces their pitch considera- 
bly, and then we obtain a fairly efficient spring, but one inferior to a 
tempered steel spring. 

The best and most durable springs that can be made are formed 
from comparatively high carbon soft steel wire which, after being 
finished, are hand tempered—that is, they are first heated in a char- 
coal fire to a cherry red or slightly higher, and then plunged into a 
liquid bath, which is generally one of oil. They are then carefully 
polished (over more or less of their surface) and held above the 
charcoal fire until the required temper color appears, which color 
differs with the various qualities of steel used. 

There are many variations of this process, differing in small particu- 
lars, but so delicate are the different manipulations if uniform results 
in any considerable number of these springs are to be obtained, that 
the process has been almost entirely abandoned by spring manufac- 
turers, the best of whom have adopted specially prepared tempered 
wire for their spring stock, and after forming and machining their 
springs they are tempered by the Cary process. 
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I might add here that my most uniform results in hand tempering 
springs were obtained by heating and afterwards drawing them by 
passing an electric current through them. The wire composing 
such hand tempered springs is, if they are properly made, free from 
all internal stresses when the spring is at rest, and in properly pro- 
portioned compression springs there is no setting or decrease in pitch 
after the coils are closed tightly one upon the other. 

Another method of making springs is to take steel wire or bars 
and heat them to a lower temperature than a welding heat, then coil 
them hot on the arbor, and before they have an opportunity to cool 
below a dull red throw them into an oil bath. The quality of steel 
used in this process is sufficiently low in carbon to make it unnecessary 
to draw the temper after hardening, but such springs are not to be 
classed as high grade. Most of the heavy car springs are made this 
way. 

In plunging red hot springs into their cooling bath great care must 
be exercised. If they are slowly immersed sideways, one side of the 
spring will often be tempered harder than the other, because of the 
different temperatures of the opposite sides of the spring when they 
are immersed. A similar result is sometimes obtained when long 
springs are slowly immersed endwise, one end of the spring being 
found harder than the other. 

Experience has taught that the most serviceable extension springs 
are those coiled in such a manner as to have their coils, before exten- 
sion, press so closely together as to require the application of a certain 
initial load before the coils begin to open. This initial set is obtained 
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by using hard drawn or tempered spring wire and delivering it to 
the arbor on which the spring is formed in a twisted manner—that 
is, by twisting or revolving the wire around its own axis the same as 
the strands of a rope are twisted firmly together. It has been found 
that the Cary process of tempering does not affect this initial torsional 
strain in extension springs, although the hand tempering process, 
where the spring is heated to redness, destroys it. 

Springs for use in salt water should be made of phosphor-bronze 
in order to avoid corrosion. According to the Brass World 1907, 
if the mixture is rightly made this material cannot be surpassed by 
anything except steel, but if not, it is inferior to yellow brass. 

Experience has taught that if the phosphorus in rolled metal exceeds 
-05 per cent., the bronze is injured. 

The greatest variation in rolled or drawn phosphor-bronze is 
caused by the tin content. A bronze which contains only 3 per cent. 
of tin is inferior to one which contains 8 per cent., although both 
may be phosphor-bronze. On account of the difficulty in rolling 
or drawing phosphor-bronze containing a high tin content, manu- 
facturers will substitute a lower percentage if it is possible to 
do it. 

A good spring should contain only copper, tin and a very small 
quantity of phosphorus. 

Those who have had trouble with phosphor-bronze springs should 
ascertain whether their troubles are not caused by the absence of 
the necessary amount of tin, or the presence of zinc. The temper 
is produced by cold-rolling, 


BOLTS, NUTS AND SCREWS 


The terms lead and pitch, as applied to screw threads, are not always 
clearly defined, the result being confusion in the case of multiple- 
thread screws. A further confusion arises from a loose use of the 
word pitch in the case of single-thread screws which advance the nut 
somewhat near 1 in. per turn. Thus, while the term 8-pitch means, 
clearly enough, $ in. pitch, the expression 1} pitch is not clear because 
it is not-known whether the screw is of one and a half turns per inch 
or of 13 in. per turn. This form of expression has no proper applica- 
tion to screw threads and should be discontinued. ‘The best form of 
expression, because of its universal application, is } in. pitch, r4in. 
pitch, etc. If the pitch is an aloquot part of an inch, for example }, 
the expression 8 threads per inch is satisfactory, as it cannot lead to 
confusion, 

The confusion between the terms lead and pitch should lead to the 
general, as it already has to considerable, adoption of the usage of 
these terms by the Brown and Sharpe Mfg. Co. By this usage, 
the advance of a screw to one turn is the /ead, which is the only term 


Lead ork Pitch es Lead geal eae 


Fic. 1.—Single thread. Fic. 2.—Multiple thread. 


Lead and Pitch of Screws and Worms. 


they ever use to designate this advance. The turns to an inch are 
obtained by dividing 1 in. by the ead. Conversely, the quotient of 
1 in. divided by the mamber of turns to an inch is the lead. In other 
words, the product of the Jead multilplied by the turns to an inch is 
always equal to 1 7m. 

The term pitch has been limited to designate the distance between 
two consecutive threads or between two consecutive teeth. Divide 
1 in. by the pitch and the quotient will be the threads to an inch. 
Divide r in. by number of threads to an inch and the quotient will 
be the pitch. 

The product of the pitch multiplied by the number of threads to 
an inch is always equal to 1 in. 

The distinction for single,- and multiple-thread worms or screws 
is shown in Figs. 1 and 2, from the former of which it will be seen 
that, for single,- but not for multiple-thread screws, pitch and lead 
are dentical (O. J. Beate, Amer. Mach., July 18, 1907). 


Screw Thread Standards 


There is no standard V thread and the continuance of that con- 
struction is a simple nuisance. The taps and dies of different makers 
are not alike and will not interchange, while none of them agree 
with the theoretical or paper “standard.” Under these circumstances 
it is impossible to give tables of dimensions of any value and for this 
reason such tables are here omitted. American tap and die makers 
are making a united effort to retire the V thread in favor of the U.S. 
Standard and their efforts should have the support of all. 


Friction of and Resultant Load on Screws and Bolts 


The friction of screw threads formed the subject of experiments by 
Pror. ALBERT KincsBury (Trans. A. S. M. E., Vol., 17). The ex- 
periments were made on a set of square threaded screws and nuts of 
the following dimensions: 


Outside diameter olscrewe a cere aa ered 2 OnINs: 
Insidevdiametenr Olentty iene etic aene lina: OLDS: 
Meaniditametern ofetoread mit aetna nnneL Ts Sonics 
Pitcheot thread eee ceee eee ees an ee ee eS 
Pifectivedepthiohenuunmey etait ee eres I7z6 ins. 


The conclusions are that for metallic screws in good condition, 
turning at extremely slow speeds, under any pressure up to 14,000 
lbs. per sq. in. of bearing surface and freely lubricated before appli- 
cation of the pressure, the following coefficients may be used: 


| Coefficients of friction 


Lubricant | : : ae 
Min. | Max. | Mean 
PET (0 lor Uae one oe AERO ERNERN © onee tA SE AOU E Boe 09 Bas parey 
Heavy machinery oil (mineral)............... att Ags) Shas 
Heavy machinery oil and graphite in equal .03 05) de sOrA 


volumes. | | 


Note that the experiments measured the friction of the thread 
surfaces alone—the friction of the step being eliminated by the 
construction of the apparatus. 

The screws tested were made of various materials—mild steel, 
wrought iron, cast-iron, cast bronze and case hardened mild steel, 
and the nuts of mild steel, wrought iron, cast-iron, and cast brass. 
No material difference was found due to these materials. 

In use, these coefficients should be substituted in the formula by 
which they were calculated as follows: 

Q= pe + fad 

mad—fp 
in which Q=tangential force necessary to turn the nut applied at 
the mean radius of the thread, lbs. 

P=total axial load, lbs. 
p=pitch of thread, ins. 
d=mean diameter of thread, ins. 
f =coefficient of friction. 


For the efficiency of screws as affected by the helix angle of the 
thread, see Efficiency of Worm Gears. The same formulas apply to 
both constructions. 

The resultant stress on bolts due to the initial stress resulting 
from tightening the nut and the addition of a load, such as the 
steam pressure on a cylinder head, depends on the relative elasticity 
of the bolt and the connected parts and is usually indeterminate. 
There are two extreme conditions between which actual cases 
usually lie. The extreme conditions are represented by Figs. 3 
and 4. 

Case I.—Elastic Bolt and Non-elastic Block—Let the bolt be repre- 
sented by a powerful spring, asin Fig. 2. Let the block be fixed 
and let the nut be screwed up to produce an initial strain of 5000 
Ibs., and then let the stirrup with its weight of sooo lbs. be added. 
Under these conditions, the added weight will not increase the 
strain, because if it should the spring bolt would stretch under it, 
the block being non-elastic would not follow, the lower washer would 
leave contact with the block, and the supposed increased strain would 
instantly relieve itseli—hence there can be no such increase. 
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TABLE 3.—U. S. (SELLERS) STANDARD SCREW THREAD TABLE 5.—AcME STANDARD ScREW THREAD 
< I ; I 
ga No. threads per inch 3 Dae SN otihrerds per inch 
Formulas ; d=depth=pX.64952 zy d=depth=+p+.o10 
| & | f=flat on top of thread=pX.3707 
(ee F. | f’=flat on bottom of thread =p X.3707— 
l 8 .0052 
Diameter of screw. Threads sek in | Diameter at root Width of flat, No. of Depth | Width | Width at | Space | Thickness 
s aS: ae j of thread, ins, _ J ins. : Pitch hreads per of at top of| bottom of | at top of | at root of 
+ 20 | eron 0062 tinch. thread | thread thread thread thread 
% | 18 | +2403 . 0069 2 $ 1.010 7414 » 7362 1.2586 I. 2637 
e 16 } - 2038 0078 1% is .9475 .6950 6807 1.1799 1.1850 
16 | 14 3447 0080 13 4 .8850 -6487 -6435 I. 1012 1.1064 
3 13 - 4001 . 0006 13 | ts 8225 6025 573 1.0226 T0277 
F | 1} 5 . 7600 -5560 5508 9439 9491 
Ye 12 .4542 0104 
af at 5069 -OIT4 is 4g 7287 5329 5217 9046 -9097 
be Io +5570 .O125 12 Yt 6075 - 5097 .5045 8652 8704 
a | 10 .6201 .0125 1¥s 49 .6662 .4865 4813 . 8259 . 8311 
re 9 6682 0130 1} : .635 . 4633 | -4581 . 7866 -7918 
: 1is 1S -6037 -4402 .4350 .7472 .7525 
¥ Co) .7307 . 0130 
“Te 8 ePUSE 0156 ee ae 3 Ses .4170 TALES h, eecTZOTO s7IZE 
I 8 .8376 | . 0156 rds | 19 .5412 | .3938 3886 6686 -.6739 
Ts 7 .9394 -0179 I I .510 .3707 .3655 6293 -6345 
ut | 7 1.0644 0179 5 Ty's 4787 3476 3424 . 5898 5950 
| i I} AAT Ss \ews243 . 3191 . 5506 5558 
13 6 1.1585 0208 | | : 
4a 6 1.2835 | 0208 13 Iya 4162 3012 2960 . 5112 . 5164 
1 | 53 1.3888 .0227 ri | 1} .385 .2780 .2728 .4720 +4772 
us | 5 ENE | ee cy ry .3537 | .2548 - 2406 -4327 +4379 
x | s 1.6152 -0250 i tr} 3433 | .2471 | .24T9 4194 4246 » 
| 3 13 n3o25 .2316 .2264 .3934 3986 
2 43 1.7113 .0278 | 
2} 43 1.8363 | 0278 as 3 .2912 | .2085 2033, 13589 3591 
2} 4} 1.9613 | .0278 4 2 . 260 eT a 1801 -3147 +3199 
28 4 2.0502 | . 0313 is 22 .2287 1622 | =L57O eo 752 . 2804 
23 4 2.1752 | .0313 5 2} .210 FUAS 2 SO ene .2570 
3 | 28 1975 | 2tg00 |) tgg8" || 2850 . 2411 
23 4 2.3002 .0313 | 
24 4 2.4252 | 0313 1 3 1766 izes)  =0n83. ||». 2098) 2150 
23 33 2.5038 | .0357 = lp gh |. 1662 | .1158| .1106 | .1966 .2018 
3 3} 2.6288 .0357 2 3} 1528 . 1059 .1007 | .1797 1849 
3? 33 2.8788 -0357 3 4 .1350 .0927 | LOSS) vie aekSTS . 1625 
| 3 44 . 1211 0824 20772: |) —wiSOS 4 -1450 
33 : ac 3.1003 .0385 \ | 
3% 3 3.3170 | -O417 S 5 110 .074I1 —-.0689 1259 1311 
= 3 3.5670 -O417 5 5} . 1037 06905 | .0643 | .1179 21232 
43 2% 3.7982 -0435 L 6 | .0933 0617 | .0s65 | .1049 . 1101 
43 2} 4.0276 | -0455 ? 7 .o814 .0530 | .0478 . 08909 0951 
, | + 8 0725 0463 | .O4I1 0787 . 0839 
47 2% 4.2551 | -0476 
5 23 4.4804 | .0500 3 9 .0655 0413 . 0361 .0699 .0751 
i : : .031 .062 0681 
*The i, 33 and 33 are usually made 11, 10 and 9 threads per 2 es oe se aie ee 0444 


inch respectively, but under the Sellers’ Formula, strictly fol- 


lowed, they should be ro, 9 and 8 respectively. TABLE 6.—BRITISH (WHITWORTH) STANDARD SCREW THREAD © 


s i ae rs 
( ?=pitch=Nothds. per. in. 
Formulas d=depth= pX .64033 
r=racius =) xX .1373 


TABLE 4.—PRITISH ASSOCIATION STANDARD SCREW THREAD 


p=pitch 
LE as “ ” No. ; Noy ji. No. : No. 
Sis ics gaat zi see sre | thrds. ! eek thrds. | ue thrds. ee thrds. 
yr=radius =~7* ins. . \| ins. | F i| ins. : ins, : 
= per in. || | perin. | | per in. per in. 
t 20 i CH ger? ay i 38 33 
: a ; : Ts 18 ts 9 45° 1} om Seemel| 01s 
me Diameter, Pitch, | No. Diameter, Pitch, 3 16 I 8 ee A || 33 | 3h 
ee: Peal eee ree te | 4 1s 7 4 38 3t 
0 6.0 T1007 [fo yr) ars poe as 4 re) i) od 7 zane? 3 
I ee: 90 | 8 | DB: .43 
2 4.7 81 ON | 1.9 39 ts 12 13 6 23 4 3% 3 
3 4.1 den Hy 30 I.7 35 i ro || ad 63 Pails 28 3} 4 3 
4 3.64 Ae Ae Be | ag .28 a II Le 5 ees ea a MS | 
5 S22 59 | 14 1.0 .23 t EOS ts 5 Se aul S24 mall 
6 2.8 S5Genadle uz | 79 19 ie to || (2s 44 _33 33 


TABLE 7 
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—CONSTANTS FOR FINDING THE DIAMETER AT THE BOTTOM 


or ScREW THREADS OF U. S. Form (PRatr & WHITNEY Co.) 


C=constant for number of threads per inch. 


D=outside diameter. 


D'!=diameter at bottom of thread. 


D1=D—C. 

Threads per inch Constant || Threads per inch Constant 
64 . 02030 | 16 08119 
60 .02165 14 .09279 
56 .02320 t 13 - 09993 
50 025908 12 - 10825 
48 .02706 Tis . 11206 
44 02952 aa . 11809 
40 | .03248 10 . 12990 
36 .€3608 9 14434 
a2 | 04059 8 . 16238 
30 . 04330 7 .18558 

| | 
28 . 04639 | 6 . 21651 
27 | 04812 | 53 .23619 
26 | 04996 | 5 25981 
24 .05413 4% . 28868 
22 05905 4 . 32476 
20 06495 33 37115 
18 -07217 | 3 - 43301 


TABLE 8.—INTERNATIONAL AND FRENCH METRIC STANDARD 
ScREW THREADS 


(p = pitch 
Formulas d = depth =pX .64952 
is = flat -? 
Pitch, Diprdetee a Oot wadunmot fat 
mm. mm. ©: thread, mm. 
mm. 
3 Us | 2.35 06 
4 | 75 | 3.03 09 
5 | 75 | 4.03 09 
6 1.0 | 4.70 13 
i] E.0 | 5.70 13 
8 I.0 6.70 13 
8 | D2 | 6.38 16 
S 1.0 | GG 13 
9 | 1.25 | 7.38 16 
10 | ey | 8.05 19 
II Ths 9.05 19 
12 | ita 3s 10.05 19 
12 Tees | 9.73 22 
14 B® | I1.40 DS 
16 2.0 13.40 .25 
18 225 14.75 | 5 Su 
20 Dak 16.75 | Aeye 
22 25 18.75 | Aer 
24 3.0 20.10 | .38 
26 | 3.0 22.10 | 2k 
27 | B20 23.10 | -38 
28 her) 24.10 .38 
30 Bes 25.45 44 
32 B55 27.45 44 
33 355 28.45 -44 
34 Sad 29.45 44 
36 4.0 30.80 25) 
38 4.0 32.80 os 
39 4.0 33.80 ais 
40 4.0 34.80 as 
42 4.5 36.15 56 
44 4.5 38.15 56 
45 4.5 39.15 56 
46 4.5 40.15 56 
48 5.0 ALSSE .63 
50 5.0 43.51 63 
52 5.0 45.51 .63 
56 5.5 48.86 | .69 
60 525 52.86 | 69 


60s, | : 
Posen to all nate and xoa Py DX 1,5 = Length of Threaded Portion 


Screw Heads P =Pitch of Thread 
& =Flat Top 


D= Diameter of Screw 
d =Diameter of Cotter Pin 
TABLE 9.—S. A. E. SCREW STANDARD 


Dimensions.—All dimensions in inches. 

Finish—All heads and nuts to be semi-finish. 

Material—For all screws and nuts—steel; tensile strength, not 
less than 100,000 lbs. per square inch; elastic limit, not less than 
60,000 lbs. per square inch. 

Screws are to be left soft. Screw heads are to be left soft. The 
plain nuts are to be left soft. The castle nuts are to be case-hardened. 

Tt is assumed that where screws are to be used in soft material, such 
as cast-iron, brass, bronze or aluminum, the United States standard 
pitches will be used. 

Tolerance.-—The body diameter of the screws shall be one-thou- 
sandth (.oor’) inch less than the nominal diameter, with a plus 
tolerance of zero and a minus tolerance of two-thousandths (.002”) 
inch. 

The nuts shall be a good fit without perceptible shake. 

The tap shall be between two-thousandths (.002’’) inch and 
three-thousandths (.003’”) inch large. 


1 5. ills 7 3 9 5 iL 3 ul x ah 3 5 
D epee: leone! aa ces |heau Meare r It 1g I¢ Ig Iz 
iP 28|24|24)|20|20|18|18| 16} 16 | 14 | 14 | 12 | 12 | ra} 12 
| 
9 21 13 29 9 39 | 23 | 49 13 29 eel 1 is a 
A Bz | $2 | 32 | 4 | ze | ee | 32 | Oa | Te | 32 I {igs} 13 [132 | 
| 23 fe || BY (| 8 S51 G19) Wren Ag 1 63 3. 23} 7s 
A: |ae|3t || 3 | ae] sk | sa] se | 32 | ef | & | Sh | 192 | red | T26 
| 25 y 2o0 3 415 ae 1 7 on} 13 3 
B 16 3 i6 = t i 16 af || Sesys Tel | Daegu |i aes hl aoa le eee eee 
ree | al Fs Soha ae pe ihe igallhsT 1 1 5. 5 3 3 
Cc 32 3 Si ee Ska [leva ee Ze Car 4 2° | we is 3 8 
Soy Naat os 4 1 Bre Sale Salles 5. 5 a7t 1 x 1 
E 64 | G4 8 s Go| sar |Sa) | eSa | sa Bz 32 32 | 32 = ra 
iste tH es 2 21 3 27 | U5 || 33 9 a 3 27 15 1 rf 
H | |)si|or || $ |) e/a | ee] ve | BH | t | | OR fide) 13 
30 pe Tin | Ln |e em | ee 1 1 a Bite ime 1 1 
vf | 32: 64 8 8 8 8 8 8 8 8 8 | 32 32 a 4 
IK fae eei eres appear ene cod 3. | 3 3 3 3 3 a5 ae oe, ate 
| 16 16 32 32 2 32 32 32 32 | 32 Sa) 32 32 16 16 
| 
d oa AS Yat er eT ESAS Sh ce | al a 2 A ra ee 18 13 
16 16 32 32 32 8 8 Ey Ah eS 8 a eee S| cs 64 64 


SIZES OF TAPS DRILL SIZES 


% in. 28 threads zy in.! 
ys in. xX 24 threads ee als 
2 in. X24 threads ce in. 
7s in. X20 threads ; 2 ims 
% in. X20 threads 35 in. 
7s In. X18 threads 33 a. 
% in.x18 threads ae lia). 
34 In. X16 threads ¢ in. 
# in. x16 threads $2 in. 
% in.X14 threads 25 in. 
I in.X14 threads ee Me 
iz) in.< 12) threads ire WO, 
1% in.X12 threads 1¢ in. 
1% in.Xz12 threads 1ée In. 
1% in.X12 threads 12% in. 


1 No. 5 Drill gage. 


VS ae 
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TABLE 10,—A. S. M. E. Stanparp Macuine Screws, U, S. SranparD ||TaBLe 11.—A. S. M. E. StanDARD SPECIAL Screws, U.S. STANDARD 
Form OF THREAD Form oF THREAD 
p pitch I Basic size F Outside diam. Pitch diam. Root diam. 
No. thds. perin. |) No. O.D.-T.P.I. | Min. | Max. | Min. | Max. | Min. | Max. 
Formulas | d=depth= pX .64952 r . 073-64 0608 0730 | .0612 | .0629 0494 | .0527 
=e folk 2 . 086-56 0825 0860 | .0727 | .0744 o50t . 0628 
f= aa 8 3 .099-48 0952 0990 | .0836 | .0855 | .0678 | .0719 
oc ERe - - ar - ; / . 112-40 1078 O20) |r 0! .09058 to) .0795 
Outside diam. Pitch diam. Root diam. az = i SHY ae ot fe 
ie 3 ee —— 2 112-36 1076 1120 0918 - 0940 0707 -0759 
Min Max Min. Max. Min Max. 
0572 0600 0505 0519 0410 0438 5 - 125-40 1208 1250 | .1067 - 1088 0877 0925 
0700 0730 0625 0640 0520 0550 | Deeb 30 1206 1250 | .1048 .1070 0837 . 0889 
0828 0860 0742 .0759 0624 0657 |! 6 | . 138-36 1336 1380 There ype) -1200 0067 . 1019 
| 0055 0990 | .0857 | .0874 0721 0758 || . 138-32 1333 1380) (XTS4 1) 1177 0917 | .0974 
| 1082 1120 | .0066 0085 0808 08490 7 T5i—32 1463 ISTO)! <1284 1) 1307 1047 . 1104 
5 125-44 1210 1250 | .1082 | .1102 0010 0055 »ISI~30 1462 1510 | .1269 | .1204 ROUT EO dil 
6 138-40 1338 | 1380 1197 | .1218 1007 1055 8 164-32 1593 1640 | .1414 | -1437 LITT kao 4 
7 151-36 | .1466 T5ro | .1308.| .1330 1007 1149 - 164-30 T5092 1640 | .1309 | .1423 ETE |, ey BOY 
8 164-36 1596 1640 | .1438 | .1460 1227 D279 UTS ON ee 2 2 LO RES ON RUS SS WETIOE |i, CusSKeH 
9 177-32 | .1723 | .1770 | .1544 | .1567 | .1307 | .1364 |, ISB As CRIES PTS BATS AAO ENS BA ENE TS 
| | 
| |} ro . 190-32 1853 1900 1674. | .2607 1437 - 1494 
- fra ates treck Cul 
10 I90- 30 { .r8§2 ]; .r1900 . 1660 . 1684 1407 1467 | 190-24 1848 mera eres b626 eee ryaks 
12 216-28 | sarin | .2160 - 1903 19028 1633 1696 | 
| | | | 12 . 216-24 2108 2160 1863 - 1889 1547 . 1619 
14 ) 242-24 2308.) <2420.)  .2r23 .2149 1807 1879 |! 2 s 
| | | 4 . 242-20 2364 2420 . 2067 - 2005 1688 .1770 
16 | 268-22 2626 | .2680 2358 2385 2013 | .2000 aG | Aeon Wee 2680 ae Z revi BORO 
18 | 294-20 2884 | .2940 | .2587 | .2615 2208 2290 : : Dil ORIG | Somes oa Bens 
| | 18 | . 2904-18 2882 2940 | .2550 | .2579 Pyipxoy || Ace) 
20 320-20 3144 3200 | .2847 | .2875 2468 2550 20 =| . 320-18 3142 | .3200 | .2810 | .2839 2389 | .2478 
22 | 346-18 | .3402 | +3460 | .3070 | .3099 26040 2738 22 | . 346-16 3400 | .3460 | .3024 | .3054 2550 | .2648 
24 | 372-16 3660 3720) -3284) | ass r4 2810 2908 24 | . 372-18 3662 3720 | .3330 | -3359 2909 | .2908 
26 | 398-16 3920 | .3980 | .3544 | .3574 | -3070 | .3168 || 26 | 398-14 3918 | .3980 | .3485 | 3516 | .2044 | .3052 
28 424-14 4178 4240 | .3745 | .3776 3204 3312 || 
| 28 | -424-16 4180 4240 . 3804 - 3834 3330 . 3428 
30 3 450-14 +4438 | .4500 - 4005 - 4036 ‘ 3464 -3572 || 30 | - 450-16 4440 4500 - 4004 - 40904 3590 - 3688 


NotTE.— Maximum sizes are standard. 


TABLE 12.—Tap Drit~ts For MAcHINE SCREW TAPS 
(Pratt & Whitney Co.) 


Size of No. of | Size of || Size of | No. of Size of 

tap threads | drill tap threads | drill 
2 48 51 | 12 | 24 | 19 
2 56 50 || 13 20 | 19 
2 64 49 13 24 | 15 
3 40 490 I4 20 16 
3 48 48 14 22 13 
3 56 44 14 24 9 
4 32 48 15 18 13 
4 36 45 15 20 10 
4 40 44 15 24 6 
5 30 44 16 16 13 
5 32 43 16 18 10 
5 36 41 16 20 6 
5 40 40 16 24 2 
6 30 41 II 17 16 7 
6 32 37 17 18 4 
6 36 36 17 20 2 
6 40 33 18 16 3 
7. 28 35 18 18 2 
7 30 34 18 20 | A 
7 32 31 19 16 I 
8 24 34 19 18 | B 
8 30 30 19 20 D 
8 32 30 20 16 | c 
9 24 30 20 18 E 
9 28 20 20 20 | H 
9 30 28 DP 16 | H 
9 32 27 22 18 | J 
pa) 24 | 28 24 I4 K 
10 28 26 24 16 | L 
Io 30 24 24 | 18 | N 
10 32 24 26 | 14 N 
II 24 24 26 | 16 O 
II 28 21 28 14 Q 
II 30 19 28 16 Ss 
12 20 24 30 14 Ka 
12 22 20 | 30 16 Vv 


These drills will give a thread near enough for all practical purposes, but 


not a full thread. 


Note.— Maximum sizes are standard. 
There is a fairly widespread feeling that the differences between the maximum and minimum sizes of the above tables are too large. 


TABLE 13.—Tap Dritts ror A. S. M. E. 


STANDARD MACHINE SCREW TAPS 
(Pratt & Whitney Co.) 


Size of No. of Size of Size of No. of Size of 
tap threads drill tap | threads drill 
fo) 80 0465 9 | 32 1405 
I 64 055 10 24 140 
I 72 .0595 10 30 152 
2 56 .0670 10 32 I54 
2 64 .070 12 | 24 . 166 
| 
3 48 .076 Te | 28 | 173 
3 56 | 20785 14 | 20 182 
4 | 36 | 080 14 | 2 | 1935 
4 40 | . 082 16 20 209 
4 48 | 089 16 22 213 
| 

5 36 | . 0935 18 | 18 228 
5 40 | 008 18 20 234 
5 | 44 . 0995 20 18 257 
6 32 | -10L5 20 20 261 
6 | 36 . 1065 22 16 272 
6 40 | .1f0 22 18 281 
a 30 EES 24 | 16 .205 
7 32 .116 24 18 302 
7, 36 .120 26 14 316 
8 30 1285 26 16 323 
8 32 1285 28 I4 -339 
8 36 An tcis) | 28 16 -348 
9 24 | 1285 30 I4 .368 
9 30 . 136 30 | 16 Swirl 


The diameter given for each hole to be tapped allows for a practical clear- 


ance at the root of the thread 


strain upon the tap in service. 


of the screw and will not impose undue 
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TaBLE 14.—A. S. M. E. StanpARD PROPORTIONS OF MACHINE SCREW HEADS 


Fiat FILtistER HEap SCREWS 


A=diam. of body 

B=1.64A — .009=diam. of head 
C= .66A —.002=height of head 
D=.173A+.015 = width of slot 
E=%3C=depth of slot 


OvaL FILLIsteR HEAD SCREWS 


A=diameter of body 

B=1.64A — .009=diam. of head and rad. for oval 
C= .66A — .002=height of side 

D=.173A+.015 

E=}3F = depth of slot 

F=.134B+C=height of head 


A B G D _E F A | B é | D | E 
060 | 0894 «| 0376 025 025 04096 .060 | 0804 0376 025 019 
073 1107 : 0461 028 | 030 0609 -073 -II07 | 0461 028 | 023 
086 132 0548 030 =| 036 0725 - 086 132 0548 030 | 027 
099 iiseee | 0633 | Oe | 042 0838 099 153 0633 032 | 032 
LES | 1747 | O719 034 048 | 0953 II2 1747 O719 034 036 
i | | 
125 196 0805 037 053 | 1068 Beas 196 0805 037 040 
138 217 | 0890 . 039 05 1180 138 217 0890 039 | .044 
I51 2386 | 0976 .O41 | 065 1206 .I51 2386 0976 O4t [oy Ke) 
164 2599 1062 043 O71 I410 -164 2599 1062 043 053 
177 2813 1148 046 7 | 1524 177 2813 1148 046 057 
| | | | 
| | 
190 3026 1234 048 082 1639 190 3026 | 1234 048 | 062 
| | 
216 3452 | 1405 052 093 1868 216 3452 T405 052 070 
242 3879 1577 057 105 2097 242 3879 1577 057 079 
. 268 4305 1748 o6r 116 2225 268 4305 1748 O61 087 
- 294 4731 192 | 066 128 2554 204 4731 1920 066 | 006 
3206 5158 | 2002 070 140 2783 320 -5158 2092 070 | 104 
. 346 5584 2263 O75 150 3011 346 | .5584 2203 O75 113 
Eee 601 2435 079 162 3240 372 | 601 | 2435 079 122 
. 308 6437 2606 084 LTS 3469 308 | 6437 | 2606 | 084 | 130 
-424 6863 2778 088 185 | 3608 424 6863 | 2778 088 139 
| 
| | | | 
7 450 727 -295 093 -201 4024 y 450 ge 727 __ +205 | . 093 | SEAy 
--$2 Deg—_ 
se a 
4 a = Fiat Heap Screws RounD HEAD Screws 
\ I wa ohn \7 A =diameter of body A=diam. of body 
Cc B << ome me = diameter of head B=1.85A — .005 =diam. of head 
—00 ; 
Sere =depth of head C=.7A =height of head 
Dinah typ aera ae Tastee stot D=.173A+.015 = width of slot 
=1 — 
E=4C=denih ofeint E=3C+.01=depth of slot 
= a7 aot eee 
A (ee Ss E | De | on A B G D E 
060 Ir2 -029 | C25 | obae) 060 106 042 025 O31 
073 138 -037 | 028 | o12 073 130 O51 028 035 
086 164 045 | 030 | ors 086 154 060 030 } 040 
coo 190 052 032 O17 099 178 069 032 | 044 
112 216 | 060 034 020 Eee 202 078 | 034 | 049 
| | | | | 
125 | 242 067 037 .022 125 226 087 037 053 
138 262 075 | 039 | 025 138 250 | 096 | -039 | 058 
I51I 294 082 O4I | 027 I51 274 105 | O41 | 062 
164 | 320 | 090 | 043 | .030 164 208 114 | 043 | 067 
177 346 097 046 032 177 322 123 046 | O7I 
| 
190 372 | 105 | 048 035 190 346 133 | 048 076 
216 424 120 | 052 040 .216 -394 I51 052 | 085 
242 472 135 O57 045 -242 443 169 | 057 004 
268 528 .150 061 050 268 AQT 187 | C6r | 103 
204 | 580 -164 | 066 055 204 539 205 066 | II2 
320 632 179 070 060 .320 587 224 070 122 
-346 682 194 075 065 -346 635 242 075 nates 
372 732 209 079 070 .372 683 260 079 T40 
.308 i 224 084 075 398 731 278 084 | 149 
-42 
424 46 239 088 080 -424 779 | 2096 088 158 
450 . 892 vas | ; s | 
5 es [eee 254 _ 2093 085 450 827 315 093 .167 
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TaBLE 15.—S. A. E. Lock WASHER STANDARDS 
AUTOMOBILE HEAVY (A. H.) 
For General Use 


Temper.—After compression to flat, reaction shall be sufficient 
to indicate necessary spring power, and on a subsequent compression 
to flat the lock washer shall manifest no appreciable loss in reaction. 

Toughness.—Forty-five per cent. of the lock washer, including 
one end, shall be firmly secured in a vise, and 45 per cent., 
including the other end, shall be secured firmly between parallel 
jaws of a wrench. Movement of the wrench at right angle to 
helical curve shall twist the lock washer through 4s deg. 
without sign of fracture; and shall twist the lock washer entirely 
apart within 135 deg. 

The outside diameters of lock washers shall coincide practically 
with the long diameters of S. A. E. Standard nuts, which are ap- 
proximately the short diameters of United States Standard nuts. 

The inside diameters of the lock washers shall be from jy in. to 
azz in. larger than bolt diameters. 

All lock washers shall be parallel-faced sections; and bulging or 
malformed ends must be avoided. 


Bolt diameter | 


“Lock washer | pot diameter | Lock washer 


Section section 
ie 0- zs in:X zs in. 12 jn. yin xX; i. 
} in. ez ID. Xexz 1D $ in. 7i.X_ IM. 
#5 in. | sie in: | $ in. 47 in. X24 in. 
2 in 4 in. xX? in. eens ps in. X35 in. 
zs in. 4 in. XH in. Te in ~s in. X35 in. 
+ in. | g¢ in. X$ in. | It in. 2 in. xX? in. 
3 in. 4in.X22in. | rein. 3in.X2 in. 
. . . . | * . 
3 in 23 in. X# in. rT; 1. 75 in. X75 in. 


AUTOMOBILE LIGHT (A. L.) 
For Optional use Against Soft Metal 


Bolt diameter | 


Lock washer section 


3; in. | Te In er In. 
jn. EEE eer ell 
>5 in. elles 
3 in. ¢ in. X 3 in. 
7s in. 44 in. xX 4 in. 
$ in. +7 10 Fe 
ze in. eq in. X gy in. 
3 in. Fi illocee ie 
i in. z 1.75 1D. 
$ in. 4 1D. Xae 1. 
5 1D. 47 in. X33; in. 
I in. i ilp.G reiloy 


5 
a 
for) 


Case II.—Elastic Block and Non-elastic Bolt——Let the block be 
now represented by a spring, as in Fig. 4. As before, let the nut be 
screwed up to produce an initial strain of 5000 lbs., and then let the 
stirrup and weight be added. Obviously the bolt is now loaded with 
a strain of 10,000 lbs., because, unlike the first case, the second 
load has in no way affected the first. 

In actual cases the situation is more involved, as both block and 
bolt are elastic, and the question becomes one of difference of elas- 
ticity; but the conditions and the final effect vary between the two 
cases shown as extremes. It is sometimes possible, but more often 
impossible, to say which extreme is most nearly approximated, but 
when the whole matter hinges on such obscure conditions, the only 
safe course is the conservative one, to regard the initial load as part 
of the final strain. 
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TABLE 16.—TENSILE AND SHEARING STRENGTHS OF S. A. E. STANDARD 
Botts AND Nuts. By JosepH A. ANGLADA 


Bolt | Areas Tensile strength Shearing strength 
a 5 : : 
8 e) ) 3 Full Bolt Bottom of 
As thread 
S| «| § TITS i i. - 
Te saline) ; A 
eo} g/ o on a Oo ; D a 
5 aaall s a | 3 é dj 2 Bi alia 
§| 3) 4 | se a 2 S|) Sg g a 
al ys ‘s Ss A = oe on | OF] oF 
ae a Saleem oes 
g)a\23 ge} |8 |& | $3] 28] ss] oe 
st © q Pie 8 oe AOU Qilts 1n Fst Nn & HOH aq 
SHEA toate bl) ee © Ng|ad| ma Si Gee Q os 
(OU) cctill seal fo) ° rey ha see a ae ~ P my al 
ZA\eH|A faa) —Q <q <x x <x < <x < 
t | 28|,2037).0491].0325 651 814 O77 TST alin OS 488 731 
is | 24|.2584|.0767|.0525| 1,050] 1,312| 1,575 |’ 1,15t| 1,726] 788] 1,184 
2 | 24) 3209] . 1104) . 0808 L,027 | 2/025 | 2,426) 1,656 2,484 |1,212 1,818 
ie | 20).3626).1503).1132] 2,264] 2,830] 3,306) 2,255] 3,382|1,608| 2,547 
} | 20).4351|).1963}.1486) 2,972] 3,726] 4,459| 2,945] 4,417 |2,220| 3,344 
fs | 18} 4904]. 2485|.1888| 3,777] 4,722| 5,666| 3,728| s,sor|2,832| 4,248 
: 18|.5529|.3068|.2400; 4,800| 6,000| 7,200] 4,602 6,903 |3,600 5,400 
ty | 16).6064|.3712|.2888] 5,776] 7,220| 8,664] 5,568] 8,352|4,332| 6,198 
t | 16|.6680).4418].3514| 7,028] 8,785 10,542] 6,627) 9,941 |5,271| 7,907 
¥ | 14).7823).6013].48£6) 9,633 |12,141 |14,449| 9,020/13,529 |7,224| 10,836 
I 14). 9073] . 7854] .6463/12,926 |16,158 19,389 11,781 17,672 9,095 14,542 
TABLE 17.—Tap DRILLS FOR STANDARD PIPE Taps 
(No Reamers Required) 
Nominal Thds. per | Dbl. depth Outside 
‘ ; | 5 Tap drill : 
size in. | of th’d | | diameter 
inches | 
2 2 .048 Ey] 405 
4 18 | .072 R . 540 
3 18 .072 B -675 
53 14 093 rr | -840 
t 14 093 Te | 1.050 
I ri} FES igs Te SES 
1} 11} Rava; 145 1.660 
14 Img PLES: 14% | I.900 
2 11} art 2h | 22375 
2t 8 7262 2H 2.875 
) 
3 | 8 162 3 3.500 
33 | 8 | 162 2 4.000 
4 | 8 162 4a 4.500 
4} | 8 .162 4 5.000 
5 8 162 53 5.563 
| 
6 | 8 162 65 6.625 
7 8 162 | Ts 7.625 
_8 8 | 162 835 | 8.625 
9 | 8 .162 Ov 9.625 
10 8 .162 105 10.750 
i 8 .162 1133 I2.000 
12 8 162 1233 13.000 


5000 lbs. 5000 Ibs. 


FIG, 3. 


FIG. 4. 


Fics. 3 and 4.—Resultant stress on bolts due to initial and applied 
loads. 
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Taper Bolts 

The taper bolt system of securing parts together, universally used 
for the exacting conditions of locomotive work, deserves wider use 
in other fields than it has received. Following are the particulars 
of the Baldwin Locomotive Works standard (Amer. Mach., May 22, 
1902) which has been in entirely satisfactory use since 1884: 

All bolts in this system are fitted in reamed gages made of cast- 
iron and of suitable length and section; the gages are known as 9, 
12, 18, 24 and 3o-in. blocks. A bolt 9 ins. inlength—measured from 
under the head to the point—is taken as a starting point. This 
bolt (shown in Fig. 5 at C) is exactly x in. in diameter at the point, 
and, consequently, at a taper of 5 in. per foot it is 1¢ ins. in 
diameter under the head. 


Gage Collar 


B 


| 7 1¥%¢ dia. 


Fic. 5—The Baldwin Locomotive Works standard taper bolt 
system. 


The diameter at the small end and the angle of taper being the 
same, the amount of taper for the r2-in. bolt is 4, for the 18-in. 
bolt 3, for the 24-in. bolt, 4, and for the 30-in. bolt, 2; in. The 
large end of the hole of the various blocks has the following 
diameters: 


Length Diameter 
Bi ee Urea are eters Art? 
ST 2 AS Neen RR pe a -Izg ins. 
18 ins... . a3 ins. 
24 iDs.. . Iz ins. 
30 ins. Igy Ins. 
All bolts 9 ins. and under in length —as B and C—are fitted in 


the g-in. block, all from 9 to 12 ins. in the 12-in. block, all from 12 
to 18ins. in the 18-in. block, all from 18 to 24 ims. in the 24-in. 
block, all from 24 to 30 ins. in the 30-in. block. 
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A reamer of length suitable to ream a hole for a 30-in. bolt would 
answer for any bolt of lesser length, but would be too clumsy. 

In practice it is found more convenient to have reamers for each 
gage division, and these are known as 9, 12, 18, 24 and 3o-in. hand 
and machine reamers. The flutes of all reamers are made long 
enough to allow for 3 ins. wear. 

Gage collars, as shown at A, reamed and counterbored, are driven 
on the upper part of the flutes and under shank or head, and coming 
exactly to the top of block when the reamer is inserted, insure a 
hole in the work the same size as the hole in the block. 

All holes being reamed standard, the allowance for snug driving 
fits is made by fitting all bolts to stand out of the gage blocks 75 
in., which has been found sufficient. 

A taper of more than 75 in. per ft. offers no advantage, but has 
the fault of making a long bolt too large under the head. 

Thus far only the hexagon and square head bolts have been con- 
sidered. Two other kinds are used, the countersunk and the round 

The countersunk head bolt, shown at Ff 
and G, is used in places where a hexagon head would interfere. The 
included angle of this head is 60 deg. and the head is 3 in. thick. 
This style of bolt requires a gage block, E, so made that the standard 
plug gage will stand out 3 in. The counterbore head bolt is used 
where a very strong concealed head is desired, the head usually 
driving snugly in the counterbore. This style bolt is fitted in the 
hexagon head-bolt gage. The hole for this bolt body when reamed 
is made the size of the bolt under the head. 

The same reamer is used for all bolts, and the same allowance 
for drive, viz., 7 in., is made for all styles. The blocks, as shown 
in the illustration, have cast on the side a descriptive shape which 
aids the workman in finding the one desired, whether hexagon or 
countersunk. 

This system recommends itself in that it contains but few stan- 
dards for each nominal diameter of bolt and provides for a multitude 
of lengths. 

To preserve the sizes, a set of master plugs is kept in the tool- 
room. When the gage blocks are worn they are easily restored to 
standard by re-reaming and facing off the top to suit the plug gage. 

The gage blocks for regular diameters have the following lengths: 


counterbore head bolts. 


Diameter, Length, 
ins. ins. 


2 


be eee ave. afeec en ae ee pa O RATIO ETS 


Ools1 yoo 00101 Rohe Go| HA 
w , , 


520, 12 and 26 


10 E25 1S.) 24nandaeso 


eH we HM HW OW 
ROH ole AIH ol 
—— ee) 


Split Nuts 


The interference of split nuts with lead screws may be determined 
by the method shown in Fig. 6 by H. S. Futrerton (Mchy. June, 


1912). Parallel with the parting line of the half nuts, draw the line 
AB at a distance K from the center line such that: 
ore 1 
27 tan 6 


in which, /=lead of thread, ins., 
§=angle between side of thread and a perpendicular to 
the axis of the screw. 
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For the Acme thread, in which ?=144 deg., the formula becomes: 
8l 
13 

Tangent to the outside and root diameters, draw perpendiculars 
cutting AB at m and. Draw radial lines to these points cutting 
the outside and root diameters, respectively, at r and s. These are 
the interference points of the respective diameters. Points for in- 
termediate diameters may be located in like manner and a curve 
drawn through them. For all practical purposes a straight line 
drawn through the interference points located on the outside and root 
diameters will be found a sufficiently close approximation. The 
illustration shows in correct proportions an end elevation of a pair 
of nuts for a screw 4 ins. in diameter with 1-in. lead single Acme 
threads. The dot-and-dash lines above are the interference curves 
for 2-, 3-, and 4-in. lead Acme threads. 


K= 


13 
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Critical Curves 4 ~- 


Acme Threads 


Fic. 6.—Finding the interference between screws and split nuts. 


WIRE AND SHEET METAL GAGES 


The multiplication of wire and sheet metal gages is the source of 
much confusion and has become an intolerable nuisance. The sug- 
gestion has been repeatedly made that the entire gage system be 
abandoned and that sizes be specified by their decimal values. The 
difficulty in carrying out this plan is that the gage sizes must be 
adhered to in order to obtain the material from stock and this 
compels constant reference to the gage tables. The following plan, 
due to the Westinghouse Electric and Mfg. Co. (Amer. Mach., A pr.14, 
1904) while keeping to the gage sizes eliminates all reference to the 
gage numbers. After nine years of use it is found to accomplish 
the desired object. 

The existing standard dimensions of gaged materials are not 
changed, but the gage names, the conflicting and arbitrary gage 
numbers, and the commercial gage plates for identifying materials 
are discarded. The same actual dimensions as hitherto indicated 
by gage numbers continue in use but are expressed in decimal parts 
of the inch, the unnecessary refinements found in many of the com- 
mercial gage equivalent tables being, however, dropped. 

All material that has heretofore been known by gage number, as 
No. 20 B. & S. sheet copper, is now known by decimal thickness 
only, as .032 sheet copper. 

Throughout the business of the company, and on all drawings, 
drawing lists, specifications, bills of material and correspondence, 
decimal dimensions are used instead of gage numbers. 

In the shop and storerooms all material that was formerly gaged 
is now measured with the micrometer or limit gages, and is specified, 
ordered, marked and carried in stock by decimal thicknesses instead 
of by gage numbers. 

Drawings, drawing lists, specifications, bills of material, etc., 
made before the adoption of this plan, and specifying gage numbers 
were not changed except as found convenient by the engineering 
department. 

The extreme refinements shown by the fifth and sixth decimal 
places have been dropped, not more than three significant figures 
being used in specifying sizes. By significant figures is meant all 
figures to the right of ciphers after the decimal point. For example, 
U. S. Standard No. 2 sheet gage is given as . 265625. The Westing- 
house decimal for this gage is .266. 

Materials that were formerly purchased by gage numbers are now 
purchased of the same dimensions expressed in decimals. 

It should be especially noted that; with the exception of twist 
drills, the above changes do not affect finished articles of any kind 
such as are kept in stock by manufacturers and known to the trade 
by gage numbers. 

In Table 1 will be found a column giving American screw gage 
sizes. This has been inserted for convenience in selecting sizes of 
machine screws and wood screws, and it should be especially noted 
that the gage numbers are retained for these sizes. 

Tables 1 and 2 are for use in those departments whence specifica- 
tions for material emanate. Columns 1 to ro, Table 2, are for refer- 
ence in connection with Table 1 which serves as an index to Table 
2. Ineach column the decimals coincide with a series of size equiva- 
lents commercially known by gage name and number. Table 2 
ignores all gage names and numbers; the dimensions are not numbered 


in any way, all read from the largest down, and are so arranged with 
respect to one another that the same (approximate) dimensions are 
on the same horizontal line. This arrangement makes it easy to 
choose in one column a dimension coinciding closely with a dimen- 
sion in any other column. 

The reference numbers in Table 1 indicate in which column of 
Table 2 to look for commercial diameters or thickness of any given 
material. 

Example—F¥or commercial diameters of steel spring wire refer 
to Table t opposite Wire, Spring and, under Steel (S) read 3, showing 
that the commercial sizes of steel spring wire are to be found in 
column 3 of Table 2. - Similarly Table 1 shows that the sizes of 
brass or phosphor-bronze spring wire are to be found in column 1 
of Table 2. 


Tuer WESTINGHOUSE METHOD oF ABANDONING SHEET METAL AND 
WrrRE GAGES 


TaBLE 1.—INDEx To CoLuMN HEADLINES OF TABLE 2 


Index to 8 5 Amer. 
columns E SEIS Hae i ve iB Pl. screw 
a) e fete tO |S |; (Ns, a 
I to 10 o;A AIF IOlAl|<4/< N gage 
Os Commercial yas) etollesellecaleSi it I] zr] iz | 6 |looo}.0315 
< Planished...... 5 5 00|.0447 
B Galvanized..... | 5 5 0|.0578 
ea binned seer ort 5 5 I|.0710 
o 
2 Terne. oo 5 2|.0842 
mS PLN Gee BOQ es 3|.0973 
Bareween cre tu eres leais ere tecea lem pawn Pas 4).110 
Insulatedsncces ail x I 5}.124 
Galvanized..... B 3 6] .137 
ea) linn ecl4ueereneree 3 7|-150 
= aliSprinc sees ey | oe 8|. 163 
WEG. 5 onseooe 4 9) .176 
Resistance...... I I I 10|.189 
Annealed....... 2) 3 II|.203 
= Commiercial...,|| ©) 1 12 Ho eate 
© Cold rolled..... ve {i a8 |) Rep US OneKS 
Drillve ee eee 8 lee 
15|-255 
2 Seamless3...... 22 2 2 2 16|. 268 
é iBrazed enn I Wel oe 
18|.205 
I9|.308 
Twist drills: 9. Coppered steel wire: 3. 20|.321 
All cable, Jamp cord and fuse wire: 1. 21/.334 
14 in. dia. up can be had in fractions. 22).347 
2} in. dia. and larger, in fractions. || 23].361 
3 All seamless tubing may be specified by diameters instead of thick-|| 24|-374 
ness of wall. 25).387 
4 Tinned steel banding wire: special diameters. 26]. 400 
Explanatory.—With the exception of twist drills, the following in- ET on nS 
structions to draftsmen do not affect finished articles such as are 28) .420 
known to the trade by gage numbers. For example: Machine 29) .439 
and wood screws will continue to be specified by the American 39) .453 
screw gage numbers. 31). 466 
Instructions to draftsmen.—When specifying material of ‘‘gage”’ 32)-479 
thickness, do not give gage name or number, but specify in deci- Seas: 
mals, thus: 34) - 505 
.036 Sheet copper. .162 Brass rod. 


194 


WIRE AND SHEET METAL GAGES 


TABLE 2.—GaAGeE Sizes IN DECIMALS 
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re 2 3 4 5 6 7 8 9 Io I 2 3 4 5 6 oi 8 9 | 10 
. 496 500 | .500 | .505 : 100 
.492 106 107 
479 103 104 
-460 -454 | .460 | .460 | .460 466 .102 .109 | .106 | .102 .100 | .0973] . 10 102 . 100 
+453 099 0995 
A305 - 438 - 439 007 0980 
426 .095 0960 | .095 
-410 425 | .394 | .410 | .406 413 |] .413 413 0935 
-404 | .404 0907 095 .O9I5) .000 .0938| .090 092 0890 | .090 
400 | .397 | .397 .086 088 0860 
387 | .386 | .386 085 0820 | .085 
374 | .377 S27 0808 .083 | .0800! .082 | .0781| .080 | .0842| .o81 0810 | .080 
-365 | .380 | .363 | .365 | .375 | .375 | .36r | .368 | .368 .078 079 | .0785 
-358 | .358 077 
340 | .331 | -344 -347 | .348 348 074 075 0760 | .075 
+339 339 .0720 SON 2) FOZ 2O) O71 M0703 iin 070 lll sO7E0|N 1072 0730 | .070 
-334 | -332 332 069 0700 
+325 S25 a SiS Sat esas 323 .067 066 0670 
| sax0 316 . 0641 .065 | .0625] .063 | .0625| .060 .063 | .0635 | .065 
-300 | .307 .308 | .302 302 .059 0595 | .060 
+205. |) ..295 0571 -058 | .0540] .055 | .0563] .055 | .0578| .058 0550 | .055 
. 289 204 ||) 2283) | .28o 1 28%. || 295 | .290 200 055 
| 282 | .281 281 0508 -049 O51 | .0500| .050 050 0520 | .050 
| Aug | Bei .048 
| +272 C93 -0453 -0475| .046 | .0438} .045 | .0447| .045 0465 | :045 
| | . 266 .268 | .266 | .266 .044 . 0430 
. 261 261 042 042 0420 
-258 +259 . 263 258 250 250 | .255 2257 257 O41 o410 
.250 250 . 04.03 042 | .0410] .040 .040 040 0400 | .040 
| | .246 246 039 0390 
| -244 | .242 |) .242 242 .240 .038 038 0380 
. 238 238 037 0370 
.234 234 0359 035 .0348|} .036 -0375| .036 .036 0360 .036 
.229 238 va2aq | 2.226 .234 229 wea, 228 +220 034 -0344 .035 0350 
-220 | . 2190 .219 221 033 0330 
.216 | .212 213 Z +0320 O32) , OBIS! 2OS2) | O3TS) 202201. Os Ls lmose 0320 | .332 
| 209 O31 0310 
| | .207 206 030 030 
.204 -203 | .207 | .204 | .203 3203 | «204: 204 .200 | 029 0203 
. 201 201 0285 -028 | .0286]} .028 | .0281| .028 027 0280 028 
| | - 199 199 026 026 0260 
-197 | .196 +0254 +025 | .0258} .024 | .0250| .024 024 0250 025 
LOM) kOe 0240 
Ll 202 ~LOE 181 .0226 .022 - 0230 022 -0219 | 023 0225 022 
| .189 | .188 | .189 022 0210 
285. 1 .t85: 0201 -020 | .0204) .020 | .0188| .020 020 0200 020 
Rxaz SUSOnl 277 .182 .188 2176 .182 .182 180 .0179 .o18 .O181 orgs .O172| .o18 orgs or180 or8 
| .180 | .180 .0173 
178 | .177 . 0159 -016 | .0162| ,o16 | .0156] .o16 o16 0160 o16 
| .1758 .O150 Ors 
.172 | PLT ae kT Ss . 1042 -O14 | .O140] .or4 | .Or41] .o14 or4 O145 O14 
| | »168 | .t70 0135 
| .164 | .166 0126 OX) 7. Ob28 |) 2013: ||| .OT25)| "one 013 Or35: ||, O52 
162 .165 | .162 | 162 .163 | .161 | .16r 165 O12 o12 
-159 ,ORES -O10 | .orr18} .orr .OL09 | 
.156 LS Tall eel S77 . 0100 0104) .OI10 | .0102| .o10 .O10 
PLSS0 | -l54 . 0095 .0094 | | 
PE53° |. bse 0089 009 | .0090| .009 | .0086 | | 
PSS 0) .0085 | 
150 .148 say .0080 -008 .0080} .0085) .0078) .008 | | .008 
146 .0075 | | 
144 SEAS | X48 |. 144s] . 54x ~143 | .144 .150 .0071 -007 | .0070 .0070 | 
.130:| .td4e . 0066 | | 
LIS7l| . eS eh also A235 .0063 .0063| .006 | | .006 
.129 Toa Mees Se L2O er kae: lin Dee nl P24) ke 7) |) 1 L20 Be .0056 | 
AZO. |. T2E 2120: 5020 .0050 -005 | 
.116 0045 
.II4 stE4 | «509 PELO Wiese LS ETO .0040 .004 | 004 
Bo oye fees .0035 | 
S100 se alLO .0031 | 002 


The following are the names of the gages to which the dimensions in columns r to 10 agree; in some cases the same gage is known by more than one name. 


1. Brown & Sharpe; American Standard Wire. 2. Birmingham; Stubb's Iron Wire. 3. National; Reebling’s; Washburn & Moen; American Steel Wire Co. 


4. Down to .102, Brown & Sharpe; .090 and down, Trenton or Wolff’s Music Wire. 


Steel Wire. 


9. Morse Twist Drill and Steel Wire. 


to. Master Mechanics’ Decimal. 


5. United States Standard. 6. Zinc. 


7. American Screw. 8. 


Stubb’s 
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TaBLe 3.—List or Nine DIFFERENT STANDARD GAUGES USED IN THE UNITED STATES 


American or ee a | | U.S. Stand- | 
No. of Brown and Birnene nets | Res naes | Imperial | ard for plate | Stubb’s steel| Twist drill and Washblm | Wood ae No. of 
Dee x or Stubb’s | and Moen ce 3 ‘ s and Moen machine . 
gage Sharpe iron : 3 fils Hs wire gage (iron and wire steel wire ‘ : gage 
Z es | iron wire | iron wire | steel) | | music wire | screws 
8-0 |. ee ee ees ear ere aR Ou emt nEN | [Pe See ta lvieg se olnes Ex OW ans Se [RN een ee ets | This gage NOOSS Ener cee 8-0 
(aa 0 eee ae ae Ret, cate en (nee ee wee ee da eee eee ROO") A ribs traces | from one to MOOST. nds orn nero 7-0 
6-0 Set a ere RRA Il ane nar ici; -464 VA00Ce (ll arebeae sn eeneeees | three thous- .0095 ered geen Bn, es) 6-0 
eat wl Gee AE ON RS cea are ne 432 | 438 [areas deers anths larger O10 | Lniecr aie De cea 5-0 
4-0 . 460 -454 .394 .400 . 406 [lesen ae ont ape | than same Nos. .OIL Hie Sue etn: | 4-0 
320) || -416 .425 - 363 | .372 | HY Esme | liege etc cea in of Stubb’s steel | .O12 | 1032 | 3-0 
2-0 365 .380 oon 348 | .344 IRs Hceeeeecte wire gage. ROIs | ROARS 2-0 
0 25 .340 .307 Coa ETS Milne hay eee Mer _— | O14 058 | 0) 
I .289 . 300 283 .300 | . 281 .227 228 . 016 .O71 | I 
2 =258 284 263 .276 .266 .210 _22% .O17 084 2 
3 . 220 5259 .244 1252 | .250 .212 ES .018 | - 097 | 3 
4 204 238 | 5 232 | 234 2207 . 209 | . O19 110 4 
5 182 220 207 212 219 .204 .206 .020 | .124 5 
6 .162 203 | .192 192 203 .201 | 204 022 137 6 
7 | .144 .180 | ary | -176 .188 .199 | .201 | -023 .150 7 
8 .128 .165 | .162 _160 .172 .197 | Ai | 024 | .163 8 
9 114 | 148 | 148 44 | 156 194 | 196 026 .176 | 9 
10 102 134 135 128 | I4t IOL | .194 L027: | . 189 | 10 
II oot 120 | 121 116 125 188 | I9I | .028 .203 oy eiise 
12 o8r 100 106 | 104 | 109 185 | 189 | .030 .216 t) 
13 072 005 092 | 092 | 004 182 | 185 | 031 .229 13 
14 064 083 | 080 080 078 180 182 | 5033 | .242 14 
15 057 072 | 072 072 070 | 178 180 035 | 255 15 
16 O51 065 | 063 | 064 063 | 175 | 177 . 036 . 268 } 16 
17 045 058 | 054 | 056 056 | 172 173 | 038 282 | 47 
18 - 040 . 049 .048 .048 | .050 168 | _170 | .040 | 295 f 58 
19 036 042 | O4I . 040 | 044 164 166 | O41 | 308 19 
29 032 035 | 035 . 036 038 161 161 | 043 321 20 
21 028 .032 .032 .032 | .034 .157 .159 | 046 | -334 | 21 
22 | 025 028 | 020 028 031 _155 1157 .048 .347 | 22 
23 023 025 026 .024 028 153 154 O51 360 } 22 
24 020 | 022 | .023 022 025 | I51 152 055 -374 24 
25 o18 020 | .020 020 022 | 148 150 | 059 gsi | 25 
ee i er ee 
| KORG or164 | OI7I | 143 | 144 | 066 -413 27 
28 0126 O14 0162 or49 0156 139 I41 | 072 .426 28 
| 
if 
| 


WIRE AND SHEET METAL GAGES 


TABLE 4.—STANDARD DercIMAL GAGE 


4 


Lge 


TABLE 5.—SIzeS OF NUMBERS OF THE U. S. STANDARD GAGE FOR 
SHEET AND PLATE IRON AND STEEL 


Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled: 
That for the purpose of securing uniformity the following is estab- 

lished as the only gage for sheet and plate iron and steel in the 

United States of America, namely: 


Weight per square foot 
Standard Thickness in in pounds, avoirdupois 
decimal gage fractions Iron, basis—480 | Steel, basis—48o.6 
in ins. of an inch lbs. per lbs. per 

i Curly bh cu. ft 
002 I- 500 08 0816 
004 I-250 16 1632 
006 3-500 24 2448 
008 1-125 Pee) 3264 
O10 I-100 .40 4080 
O12 3-250 -48 4806 
o1a 7-500 50 5712 
016 2—T25(e¢4 +) 64 6528 
o18 9-500 72 -7344 
020 I-50 .80 8160 

| 
022 11-500 .88 8076 
025 | 1-40 1.00 1.0200 
028 7-250 Te ta 1.1424 
032 4-125(4+) 1.28 1.3056 
.036 | 9-250 Tae 1.4688 
040 | I-25 1.60 1.6320 
045 9-200 moO 1.8360 
050 2-20 2.00 2.0400 
055 II-200 2.20 2.2440 
060 I s-50 (Ge—) 2.40 2.4480 

| | 
005 13-200 2. 60 2.6520 
o7o 7--100 2.80 2.8560 
O75 3-40 3.00 3.0600 
080 2-28 3.20 3.2640 
o8s | 17-200 3.40 3.4680 

i 

090 9-100 3.60 | 3.6720 
095 19-200 | 3.80 | 3.8760 
100 I-10 4.00 | 4.0800 
bene) II-100 4.40 | 4.4880 
125 1-8 5.00 5.1000 
135 27-200 | 5.40 5.5080 
150 S20) | 6.00 6.1200 
165 33-200 6.60 6.7320 
.180 9-50 | 7.20 7.3440 
.200 I-5 8.00 8.1600 
.220 ii-s5 | 8.80 8.9760 
.240 6-25 9.60 9.7920 
.250 | I-4 10.00 | 10.2000 


The Standard Decimal Gage has been adopted by the Association 
of American Steel Manufacturers, the American Railway Master 
Mechanics’ Association and by about seventy-two of the principal 
railroads of the United States, Canada and Mexico. The decimal 
system of gaging was recommended by the American Institute of 
Mining Engineers in 1877 and by the American Society of Mechanical 
Engineers in 1895. 


Approximate Approximate Weight per Weight per 
Number thickness in thickness in square foot square foot 
of gage fractions of decimal parts in ounces in pounds 
an inch of an inch avoirdupois avoirdupois 
0000000 1-2 Ae 320 20.00 
000000 15--32 46875 300 18.75 
00000 7-16 14S75: 280 T7156 
0000 13-32 40625 260 16.25 
000 3-8 eras 240 15.00 
00 Ti=32 + 34375 220 (3.75 
(0) 5-16 SLRS 200 12.50 
I | 0-32 PZOLg5 180 Il.25 
2 17-64 265625 170 10.625 
Ss I-4 eos: 160 10.00 
4 15-64 234375 150 9.375 
5 7-32 . 21875 140 8.75 
6 13-64 T20B125 130 te OS 
Gi 3-16 | -1875 120 Ohras 
8 11-64 BLESS I1O 6.875 
9 Base 15625 100 6.25 
10 9-64 . 140625 90 iS nOL5 
1010 1--8 nas 80 5.00 
12 7-64 . 109375 70 4.375 
13 3-32 09375 60 SoGiS 
I4 5-64 078125 50 2.125. 
I5 | 9-128 0703125 45 2.8125 
a0) | £16 0625 40 Die 
Wy 9-160 05625 36 POTS 
18 T—20 05 32 2 
19 7-160 - 04375 28 Tees 
20 3-80 -0375 24 a5 0) 
21 II-320 -034375 Dy, T37S, 
22 I-32 | 03125 20 TS 
23 9-320 .028125 | 18 2S 
24 I-40 O25) 16 She. 
| 
25 | 7-320 021875 14 875 
26 3-160 01875 12 wats 
Bi II-—640 0171875 ime 0875 
28 | I-64 | 015625 10 625 
29 9-640 0140625 9 5625 
30 | T= 80 ROea 8 os 
31 7-640 . 0109375 fi | -4375 
Be I3-1280 -O10I§625 6} | . 40625 
BG. | s=eZo - 000375 6 IST'S 
34 I1-1280 - 00859375 52 - 34375 
35 5-640 .0078125 5 73125 
36 | Q-1280 - 00703125 4y } 28125 
ei 17-2560 .006640625 4t | 265625 
38 | I-160 .00625 4 PIS 


“And on and after July first, eithteen hundred and ninety-three, 
the same and no other shall be used in determining duties and taxes 
levied by the United States of America on sheet and plate iron and 
steel. But this act shall not be construed to increase duties upon 
any articles which may be imported. 

“Src. 3. That in the practical use and application of the standard 
gage hereby established a variation of two and one-half per cent. 
either way may be allowed. 

Approved March 3, 1893.” 


HYDRAULICS AND HYDRAULIC MACHINERY 


For tabulated values of barometric pressures at various altitudes 
in ins. of mercury, Ibs. per sq. in, and ft. of water see Barometric 


Pressure. 
For the relations of British and American measures of capacity see 


Weights and Measures. 


TABLE 1.—HypRAvLic CoNSsTANTS 
Weight, Volume and Pressure of Water 


I cu. in. = 0.03608 lb. 

eRe Ueet te = 62.355 lbs. 

Face tes = 7.481 U.S. gals. 
1 U.S. gal. = 231. Cu. Ins. 
TVs. eal: = 8.34 lbs. 

i (Us, Ss feel = 0.3337 cu. ft. 

1 lb. = 0.016037 cu. ft. 
t lb. = 97.712 CU. ins. 

1 lb. = o.1199 U.S. gal. 


I 


roo ft. head of water 
100 lbs. per sq. in = 
Value of 1 Atmosphere 


43-31 lbs. per sq. in. 
230.9 ft. head. 
of Pressure 


Lbs. per Ft. head Ins. of 
sq. in. of water mercury. 
14.7 33-947 30 


Temperature 62 deg. Fahr. 


TABLE 2.—PRESSURE PER SQUARE INCH CONVERTED INTO FEET 
HEAD OF WATER 


Coefficient 
of discharge. 


Nature of orifice 


Thin pla te. 2k. sae beak ee ee Bn O02 

Cylinder at least 2 diameters in length. ........ 0.82 

Converging cone, length = 24 diameters.......... 0.95 

Contracted vein, length=4 diameter of orifice, 1.00 
smallest diameter =.785 diameter of orifice. 

Diverging cone, length=g diameters............ 1.46 


The spouting velocity, discharge and horse-power of water jets, to- 
gether with the proper diameters of impulse water-wheels, may be 
obtained from Fig. 1, by R. A. Bruce (Amer. Mach., Jan. 5, 1899). 
The use of the chart is shown by the example below it. 

The assumption is made that the speed of an impulse wheel should 
be 50 per cent. of the speed of the jet. This is, of course, sometimes 
departed from for various practical reasons. 

The velocities given by the actual velocity curve are 95 per cent. 
of those given by the theoretical velocity curve. If the reader pre- 
fers to make his own allowances from theoretical results, it is only 
necessary to trace the theoretical velocity curve and then proceed 
as in the example. 


TABLE 3.—FEET HEAD OF WATER CONVERTED INTO PRESSURE PER 
SQUARE INCH 


Lbs. per Feet Lbs. per Feet Lbs. per Feet Feet Lbs. per Feet Lbs. per | Feet Lbs. per 

sq. in. head sq. in. head sq. in. head head sq. in. head? Visa. in 1 head | sq. in. 
I | PD | 55 | 126.99 | 180 415.61 I 43 55 De PID) 190 82.29 
2 ALO2s 60 138.54 | 190 438.71 2 .87 60 25.99 200 86.62 
3 6.93 | 65 150.08 | 200 461.78 3 TSO 65 28.15 | 225 07.45 
4 CL | 70 161.63 | 225 519.51 4 ngs 70 30.32 250 | 108.27 
5 Die 540 | fie Ml AGG P| 250 | CTT. 24 5 2.17 75 32.48 | 275 119.10 
6 13.85 | 80 184.72 | 275 634.95 6 2.60 80 34.65 300 | 129.93 
7 | 16.16 | 85) | 196.26 | 300 | 692.69 7 BLlOg 85 36.81 | 325 | 140.75 
8 | 18.47 90 | 207.81 | B25 750.41 8 3.40 90 38.98 350 I51.58 
9 | 20.78 | 95 | 219.35 350 808.13 9 3.90 95 41.14 375 162.41 
pale) ZOO. 100 |) 230.90 Sa) 865.890 10 Mabe B¥e4 I00 4a 3k 400 Eee! 
15 | 34.63 IIo | 253.98 400 023.58 15 6.50 110 | 47.64 500 216.55 
20 46.18 | 120 PG Or || 500 1154.46 20 8.66 120 | 51.97 600 | 250085 
25 Cen) 125 PE23 8130.2) Ky gieen reas celta 25 10.83 130 56.30 700 | 303.16 
30 69.27 130 | 300.16 RR Tet aa Nope Ciara ase 30 12.99 140 60.63 800 346.47 
35 | 80.81 | 140 Wes2an25 | Ren eS eat Ave so at es 35 15.16 150 64.96 | 900 | 389.78 

} 

40 62.36. 4 150 | SAO RS Ail eae terete ae Pate bone ea 40 L7e32 160 69.20 1000 | 433.09 
45 | 103.90 | 160 | 369.43 | Sporn Voom Ne cite oe 45 19.49 170 ISOS vals caked es | AE Sy 
50 | 205-45 | 170 ee eSko ee Mie ee ncrd en surement ee ities 50 21.65 180 POO a Wawona en BES lon eee 


The fundamental formula for the flow of water under the action 
of gravity is the same as that for the lawof falling bodies, viz: 


v= V 64-4h 
=8 \/h nearly 
in which v=velocity of efflux, ft. per Seen 
h=pressure head, ft. 


The theoretical volume of water discharged is equal to the velocity 
multiplied by the area of the orifice. The actual volume is equal 
to the theoretical volume multiplied by a coefficient of discharge 
which varies with the nature of the orifice. The following values of 
this coefficient are from Clark’s Manula of Rules, Tables and Data: 


The Fiow of Water in Pipes 


Exact results must not be expected in calculations of the flow of 
water in pipes. In addition to the different results given by the 
different formulas is the ever present question of the condition of 
the pipe, which is scarcely capable of exact expression and which 
renders unimportant the differences between the results given by 
different formulas. The formulas are intended to apply directly 
to a standard condition of smoothness and cleanness and, since pipe- 
lines are almost certain to become foul in time, the calculated di- 
ameters should be increased. An addition of about I5 per cent. to 
the calculated diameter will provide for an extreme condition of 
roughness, 
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Revs. per Min. P 
500 90 80 70 6045040 30 20 1040090 80 70 6035040 30 20 10 800 90 80 70 6025040 30 20 10200 90 80 70 6015040 30 20 10100 90/80 70 60 50 40 30 20 10 0 


s, per Sec. 
oat 16.20 30_40 50 6070 80 9010010 20 30 40 150 60_ 70 80 90 200 10 20 30 4025060 70 80 9080010 20 30 40 850 60 70 80 90400 10] 20 30 40 450 60 70 80 90 500 
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5 Or 
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10 iN 10 
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Head in Feet or Horse Power of Jet 


Assuming a head of 440 ft., trace vertically from A to E, thence horizontally to H, where read 1509 ft. per sec., actual velocity, or trace 
to F and thence to G where read 168 ft. per sec. ‘theoretical velocity. Trace horizontally from E to K on 2}-in. diagonal, thence vertically 
to M and read 274 lbs. per sec. discharge of 2}-in. nozzle under 440 ft.head. Trace vertically from A to B, thence horizontally to C on 
2}-in, diagonal, thence down to D, where read 220 horse-power for a 2}-in. nozzle under 440 ft. head. Trace from A to E to N on 
18-ft. diameter line, thence vertically and read 85 r.p.m. for an 85-ft. impulse wheel under 440 ft. head. 


Fig. 1—Spouting velocity, discharge and horse-power of water jets. 


Tank full Tank full 


np 9 v 
Tank =, full —=.948 
10 7 Tank full se = S844 


al 
D es ae 
D Tank full 7; =.860 Tank + full 2 = .146 
D 10 D 
6 tn v_ ia = 
po Tank 7p full 7 =.748 we Tank} ful = ,¢60 
10 EY D 
7 3 v 10 
es Tank * full 77 = .626 Ny Tank 2 full % = i579 
Sy ag M? D 
— = Tank 1 ful 2 =.500 0 1 h 
a 2 Vee ——> Tank ~ full—, =.500 
Ho = ier 
dD Peay Vv 
Tank 2 full “-=.374 v Fee eee = 
V i Tank — full D 421 
Tank > full > =.252 “f 3 h 
10 sa Tank ~~ oS) 
V =e ank 49 full D 340 
1 full & = 140 F 
Tank +- full 2 = 7 
Pek sara Vs E Tank + tall = .254 
Tank 2, full-2> =.052 1 h 
ank 55 fu V . Tank 4p full D = .156 
Tank empty Tank empty 
Tank divided into ro parts of equal height. Tank divided into 10 parts of equal volume. 


V =total volume of tank, 

v =volume occupied by liquid, 
D=diameter of tank, 

h =height of liquid in tank. 


TaBLe 4.—Capacity or HorizonTAL CYLINDRICAL TANKS 
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TABLE 5.—THEORETICAL SpouTING VeELociry AND ActuaL Dis- TasBLe 6.—Capaciry or RouND CISTERNS AND TANKS IN CUBIC 


CHARGE OF WATER THROUGH A CLEAN SQUARE-EDGED ORIFICE Fert AND U. S. Gattons, from the National Tube Co's. 
rf 
or r Sq. In. AREA, THE LATTER CALCULATED FOR A COEFFICIENT Book of Standards 
OF DISCHARGE OF .6 
> ag = ug Semen cer Diam- | Cu. ft. | Gals. | Diam- Cu. ft. | Gals. | Diam-| Cu. ft.| Gals. 
3 og.s 5 64 d 3 og4 eter, | pec ft. | per ft. | eter, | per ft. | per ft. | eter, | per ft. | per ft. 
acid a Sia ee iS = wo & ft. ins.| depth | depth | ft. ins. | depth | depth | ft. ins. | depth ; depth 
Frade]? se) Su the Se coll prone (uses Gots vac Mi iPReac alae wet ll wera ore mite : a = = 
; oa lots poe gene espe toler ; 52 lo SS to | .78s! 5.87| 5 8 | 25.22| 188.66] 19 0 | 283.53] 2120.9 
ft. an bo a ft arti 1g oN ft =? mo? A, | | | | 
se leno eg ige a : 3 ee it” Ste oe .922 eete}|| eee | 25.97) 194.25) 19 3 201.04) 2177.1 
8 as erat 5 5 SS oe 8 a 4 Oe 1 en eceOGo 8.00 5 10 26.73 199.92, 19 6 2098.65}; 2234.0 
ga ae 5 a ba 2 aie aa 2 I 3 | 2.227/ 9.18) 5 11 | 27.49] 205.67) 19 9 | 306.35] 2201.7 
= = i A | ©3906) 10.244)) 0.0 28.27 211.51) 20 © | 314.516) 2350-5 
$ 2635 709 9 24.061; 6.01 51 SG Sat 14.33 | | ] 
4 4.010] 1.003 of | 24.720] 6.18 52 57.87 | 14.47 I 5 | 4576) 311.79) © “3 | 30-08) 220.50) 20° 3 | 322.06] 2409.2 
3 4.911] 1.228 Io 25.362] 6.34 53 58.42 14.60 OW 2767; 13 221.10. <6 | 33.18) 248.23) 20 6 | 330.06}; 2469.1 
3 BOW | EAT rod} | 25.988| 6.50 54 58.97 | 14.74 Ti 7. by skeOOoll 24.73) uO 9 | 35.78| 267.690] 20 9 338.16) 2520.6 
g 6.340] 1.59 II 26.600} 6.65 55 59.52 | 14.83 Les 2 182| 16.32] 7 oO 38.48] 287.88 21 0 | 346.36} 2591.0 
I. | 2.405) 172.90] 7 3 | 4522815308. 85[e25> 53 354.66} 2653.0 
2 6.946] 1.737 I14 | 27.198] 6.80 56 || 60.05 | 15.01 | | | | ae 
z 7.502| 1.89 || x2 27.783| 6.04 57 6olso | 76.44 #H@ || 2 640, TOs rae 44.18] 330.48] 21 6 | 363.05} 2715.8 
I 8.020] 2.00 || 12k | 28.356] 7.08 58 61.12 | 15.28 ee 2.885| 21.58) 7 9 | 47-17) 352.88 21 9 | 371.54} 2779.3 
14 8.507) 2.126 13 28.917| 7.23 50 61.64 | 15.41 2 0 | 2.142) 23-50] 8 0.) 30:2] 376.01 22 O | 380.13{ 2843.6 
Iz | 8.967] 2.242 |) 13% | 29.468) 7.367] - 60 62.16 | 15.54 a f 22409)" 25,82 Sans | 53-46 399.88 22 3 | 388.82] 2908.6 
| | 2 2S OST mea 58 & 6) ie 424.48) 22 6 | 397.61f 2974.3 
13 9.404| 2.351 || 14 | 30.000] 7.50| 61 |] 62.68 6 | | 
ri 82 a | 7 is ee 2 3 | 3.976) 29.74 8 9 | 60.13 449.82) 22 9 | 406.49} 3040.8 
53 9.823] 2.4 1424 | 30.540| 7.64 62 63.19 | 15.80 2 | | | 63.6 y | 5.48 
‘ Taldaal 2 -<ko re feane| stem: & ne Leet 4 | 4.276) 31.99} 9 Oo 3-62) 475.89 23 0 | 415.48) 3108.0 
; : | ) 2 | 87) | 67.20 2.70) 2 | 424.56} 3175.6 
1} 10.610) 2.65 15> | 325576) 7.88 64 | 64.20 | 16.05 5 2 # al fe | : g A 8g! a8 - is 7 | oe 4 ee , 
Ig 10.982] 2.75 16 32.081} 8.02 | 65 64.70 | 16.18 F 4.9 % 30.7 | | +60) 530. 3244. 
7 §.241| 39 es) 9 9 | 7480) 558.51| 23 9 | 443.01} 3314.0 
i} | | | 
2 11+342| 2.83 |} 16} | 32.570} 8.14 66 65.20 | 16.30 2 8 | 8 .s85| 4x.78] TO-.0 | 78.54 587.52) 24 -0 | 452.39 84.1 
is 7 | | 5.585) 41.7 587.52) 24 | 3384 
oe 11.691] 2.92 || #4 33.068) 8.26 67 65.69 | 16.42 2 9 | §.940| 44.43] I0 3 82.52) 617.26 24 3 | 461.86) 3455.0 
i I2.030| 3 | I 34.027} 8.50 68 66.18 | 16.54 210 | 6.305} 47.16) 10. 6 86.59| 647.74, 24 6 | 471.44 3526.6 
a 12.360} 3.00 19 | 34.959} 8.74 69 66.66 16.67 Dy Tei 6.681, 49.98 10 9 | 90.76 678.95 24 9 | 481.11] 3598.9 
24 L208 Tis a7 20 35.890 eS 96 70 67.15 | 16.79 350 7.069, 52.88 Lz “O, 95-03, 710.99, 25 0 | 490.87; 3672.0 
| | | | 
2 12.994| 3.249 21 36.78 9.18 7 67.62 | 16.91 gE 72467) 55.86] 12 3 | 99.40} 743.58) 25 3 — 500.74: 3745.8 
3 IZ. 306]) 3.325 22 BOA. 9.40 72 8s.10 17.02 Sees 876) 58.92] Ir 6 } 103 . 87| 776.99, 25 6 510.71; 3820.3 
t 13.599} 3.40 23 38.49 9.61 73 68.57 | 17.14 3.3 || 8.206 62.06) Ir 9 | 108.43] 811.14 25 9 | 520.77] 3805.6 
13.90 | 3.47 i 24 39.32 9.82 74 69.03 | 17.26 3 4 | 8.727} 65.28] 12 © | 113.10] 846.03] 26 © | 530.93] 3071.6 
3} TAO Tlese5 ah 25 40.13 | 10.02 | 15 69.50 | 47.38 Brads | 9.168 68.58) 12 3 | 117.86) 881.65 26 3 | 541.10) 4048.4 
| | | | | 
i | | | | 
3t 14.459| 3.614 || 26 40.92 | 10.22 76 || 69.96 | 17.49 3,10; 9 ye 71.97| 12 6 | 122.72) 918.00 26 6 | 551.55] 4125.9 
3% WAG EVN Boa) | Bay || wale GAGS | 10.42 77. || 70.42 | 17.60 Sh | 10.085] 75 44 I2 9 | 127.68) 955.09 26 9 | 562.00] 4204.1 
32 I§.004| 3.75 28 42.47 | 10.62 78 || 70.88 | 17.72 3 8 | 10.550 78.99, 13 0 | 132-73] 902.91| 27 © | 572-56) 42830 
33 15.270] 3.82 29 43.22 | 10.80 | 79 i 71.33 | 17.83 ae 6) | Lt 045) 82.62] 13 3 | 137.89|1031.5 | 27 3 | 583.21] 4362.7 
3i 15.531| 3.88 || 30 43.96 | 10.98 | 80 | 71.78 | 17.95 3 10 | Gl 540) 66.33) £3) 6 143.14 1070.8 27 61 593-96] 4443.1 
| | | 
34 15.783] 3.94 | 3I | 44.68 Lil eraleyd | 8r WPA PRS | 18 05 = = ve Ue. =St ae nae vars Bie. | Por Pat 4524.3 
4 16.040] 4.0% || 32 | 45.40 | 11.35 | 82 || 72.67 | 18.17 ee ‘ 6 ere hans te pr : ee A008 
4t | 16.534] 4.13 33. {146.10 | 21.87 | 83 || 73.11 | 18.28 oe Nee ge ege eae tee sais se 
43 17.013] 4.25 34 | 46.79 | 11.70 84 || 73.55 | 18.38 one ae ee Real ns 6 | 1 ee 1235.3 | 28 6 | 637.94| 4772.1 
43 17.480] 4.37 | B35 Nea eS) enn SO 85 || 73.99 | 18.50 a | o S| 4 9 | 170:87)5278.2 | 28 © / 649.18] 4856.2 
| 4 4 | 14.748) 110 15 6.7 
2 a a | : .32| I5 0 | 176.71|132r.9 | 20 © | 660.521 4047.0 
= aa 4.48 \ 36 48.15 | I2.04 86 | 74.420 18.61 4 5 | 15.321\ 114.61| 15 3 | 182.6511366.4 | 20 3 | 671.96} 5026.6 
Pe eee see 1 se ee eS Wolo Seah eae 4 6 | 15.90 | 118.97] 15 6 | 188.69|1411.5 | 29 6 } 683.40] 5112.9 
an ig th | gene ae ad ae Wi Se SEI Ce 4 7 | 16.50 | 123.42] 15 9 | 104.83/1457.4 | 20 9 | 695-13] 5199.9 
eee pet aS, WSO U2 alsa 55 eo 75.91 | 18.93 4 8~ | 17.10 | 127.95] 16 0 | 201.06|x504.1 | 30 706-86). 5287 7 
6 19.645| 4.91 || 40 50.76 | 12.69 90 || 76.13 | 19.03 | | | | | | BS 
r | 49) ¥7.72 | 332-56) a6. | 207.39\1551.4 30 3. 718.60\ 5376.2 
o3 20.050] 5.01 | 4I SLs OnmerensS OL || 76.56 | 10.13 4 10 Sifomecdsea|| BhCy vas niloh Kol | 213 .82)1509.5 30 6 | 730.62) 5465.4 
o 20.448] 5.11 42 52.01 | 13.00 92 || 76.97 | 19.24 4 II 18.99 | 142,02 16 9 | 220.35|1648.4 | 30 9 | 742.64) 5555.4 
6% 20.837) 5.21 43 | 52.62 | 13.16 93 TEBOW LORS 50 19.63 | 146.88) 17 0 | 226.98|1697.0 | 31 0 | 754.77) 5646.1 
7 21.219} §.30 | 44 53-23 | 13.31 94 T7283 | LORAS Sf 20.29 | ESE O22 aes | 233 -7JI|I748.2 | 31 3 | 766.991 5737.5 
7h 21.595/ 5.40 || 45 | 53.84 | 13.46 OS mall Secale LOSS | 
| Be 2 20.07 | 156.83| 17 6 | 240.53|/1799.3 | 31 6 | 779.31} 5829.7 
7% | 21.964) 5.50 AGW MES 4243 MTs OL 96 78.63 | 19.66 5 3 21.65 | 161.93) 17 9 | 247.45|1851.1 | 31 9 | 791.73} 5922.6 
3 | | | 
7% | 22.327) 5.58 || 47 | 55.02 | 13.75] 07 || 79.04 | 19.76 Pe A e222 Bh) SOT 22 ES ORR 2 TI eee see oe ea 
as 22.685| 5.67 48 | 55.60 | 13.90] 98 || 79.24 | 19.86 5 5 | 23.04 | 172.38] 18 3 | 261.59\1956.8 | 32 3 | 816.86] 6110.6 
8t 23.036] 5.75 49 | 56.18 | 14.05 99 79.85 | 19.96 ys © 23.76 177.72 18 6 | 268.80\2010.8 | 32 6 | 829.58} 6205.7 
__ 83 | 23.383] 5.84 SOL | SOeT Si el4 atolls soo 80.25 | 20.06 | 
zs aay 24-48 | 183.15| 18 9 | 276.12 2065.5 32 9 | 842.30] 6301.5 
The formulas proposed by Wm. Cox, (Amer. Mach., Oct. 4, 25, sec A NE 
z : = 2 
1894) give, quite closely, the same results as the more cumbersome Then D=.3275Vd (1) 
formulas by Weisbach. Mr. Cox’s formulas are as follows: D 
; : whence, d= «|= (1a) 
Pet D=discharge, cu. ft. per min., 325 VA 
d=diameter of pipe, ins., p= 
V =velocity of discharge, ft. per sec., 7 are if (xb) 
L=length of pipe, it., 1200dH 
H =head required to produce velocity V, ft., Also LE AES? py a (2) 
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Putting 4V*+sV—2=K, (2) becomes, 


1200 dH 

ee aie = (2a) 
KL 
whence mney, (2b) 
KL 

My 200d Ge) 

1200dH 
and ge (2d) 


Formulas (2)-(2d) apply to clean smooth cast-iron pipes. To 
make them and the tables applicable to lapped and rivetted pipes, 
1000 must be used instead of 1200 in formula (2) and its transposi- 
tions, while for seamless wrought-iron pipes with flush joints the 
constant 1500 should be used. 

The velocities in pipe-lines seldom exceed 6 ft. per sec. in low and 
medium head-water power plants. In high-head plants the velocity 
sometimes reaches 13 ft. per sec. For the mere delivery of water 


201 


Given a 24-in. pipe 1800 fl. long, what head is required to produce 
a velocity of discharge of 8 ft. per sec.? 

Taking from Table 8 the value of K corresponding to a velocity 
of 8 ft., and inserting it in equation (2c), we have 
204.X 1800 
24X 1200 

What diameter of pipe 4500 ft. long will discharge 4020 cu. fl. per 
min., with a head of 24 ft.? 

In this problem neither the velocity nor the diameter of the pipe 
are given, so that we must proceed by trial. We will assume, there- 
fore, a trial diameter of 4o ins., and inserting this in equation (2a), 
we have 


Head = =18.4 ft. 


ie} 2 1200 
Ka 40% 24 X 1200 _ 


4500 


no such restriction holds. which, according to Table 8, corresponds to a velocity of 7.4 ft. per 
TABLE 7.—DISCHARGE FROM PIPES In Cv. Fr. TABLE 8.—VALUES or K =4V?+5V —2 
PER Min. Wits VELociry= t Fr. PER SEC. ; K [0.0 | or ras ae od oe ae on eS Fee V 
Diam., | Cubic || Diam., | Cubic 1 Diam.,| Cubic | OxGlinwn one leeaeretcee s| Macher Sealers 0.64 1.50 2.44] 3.46] 4.s6| 5.74] A 
ins id ft. | ins. | ft. \| ins. | ___ ft. | 1.0 7.00 8.34 9.76| 11.26] 12.84] 14.50] 16.2 18.06] 19.96] 21.94] 1.0 
I 0.32725|| 7 94.575| 33 356.37 2.0} 24.00} 26.14] 28.36] 30.66] 33.04] 35.50] 38.04! 40.66] 43.36) 46.14] 2.0 
2 1.3090 |} 18 | 106.03 34 | 378.30 3.0] 49.00) 51.04} 54.96) 58.06) 61.24) 64.50) 67.84) 71.26) 74.76) 78.34] 3.0 
3. | 2.0452 19 PES. TA 35 400.88 | 4.0) 82.00} 85.74) 89.56} 93.46] 97.44] 101.50] 105.64] 109.86] 114.16] 118.54! 4.0 
4 | 5.2360 20 | 130.90 36 | 424.11 | | 5.0} 123.00] 127.54] 132.16] 136.86] 141.64] 146.50} 151.44] 156.46} 161.56] 166.74] 5.0 
5 8.1812 ar 144.32 37 448.00 | | 
| 6.0, 172.00) 177.34) 182 76) 188.26) 193.84; 199.50) 205.24] 211.06 216.96) 222.94! 6.0 
6 {11.781 22 158.30 | 38 472.55 | 7.0 229.00] 235.14| 241.36} 247.66] 254.04] 260.50| 267.04] 273.66] 280.36] 287.14] 7.0 
7 116.035 | 23 173.11 | 30 | 407.75 8.0) 294.00] 300.94] 307.96] 315.06} 322.24] 329.50] 336.84] 344.26] 351.76 359.34 8.0 
8 20.944 || 24 | 288.50 | 40 | 523.60 | 9.0) 367.00) 374.74] 382.56) 390.46) 398.44] 406.50) 414.64] 422.86) 431.16) 439.54) 9.0 
Q }26.507 || 25 204.53 | 41 550.11 | |10.0) 448.00) 456.54] 465.16) 473.86) 482.64] 491.50) 500.44] 509.46) 518.56) 527.74|10.0 
10 32 725 26 221.29 42 SRT aT | | 
| | |II.0) 537.00) 546.34) 555.76| 565.26) 574.84) 584.50) 594.24) 604.06 613.96) 623.94 11.0 
II 130 507 27 238.56 43 605.00 | |12.0| 634.00) 644.14] 654.36] 664.66] 675.04] 685.50] 6906.04] 706.66) 717.36] 728.14|12.0 
I2 \47 124 28 256.56 | 44 | 633.56 | 13.0) 739.00) 749.94) 760.96) 772.06] 783.24) 794.50) 805.84] 817.26) 828.76) 840.34)13.0 
13 55.305 29 275.22 | 45 | 662.68 | 14.0] 852.00] 863 74) 875.56) 887.46] 809.44] 911.50] 923.64] 935.86] 948.16 960.54,14.0 
14 |64.14r | 30 204.52 | 46 | 602.46 | [15.0] 973.00) 985.54) 998.16, 1010. 86/1023 .64/1036.50 1049. 44/1062. 46 1075.56,/1088.74 15.0 
15 |73.631 31 314.49 47 | 722.90 | | 
RG 183 776 32 335.10 | 48 753.08 |16.0/1102.00|1115 34/1128 76)1142. 26/1155 84/1169. 50/1183 24/1107 06 1210.96)1224.94,16.0 
ri ae : 3 |17.0|1239 00/1253 14/1267 .36|1281 66/1296. 04/1310. 50,1325.04\1349.66,1354.36|1369.14|17.0 
All other velocities in strict proportion. 18.0,1384.00/1398.94)1413.96|1429.06|1444. 24|1459.50/1474. 84/1490. 26|1505.76|1521.34|18.0 
I9.0/1537.00|1552.74/1568.56/1584.46|1600. 44/1616. 50|1632.64 1648. 86/1665. 16/1681.54/19.0 
20.0/1698.00|1714. 54/1731. 16/1747. 86|1764.64|1781.50|1798. 44/1815. 46|1832.56|1849.74/20.0 


Table 7 gives the discharge in cu. ft. per min. from pipes of 1 to 
48 ins. diameter for a uniform velocity of 1 ft. per sec. and from it 
the discharge for any other velocity may be obtained by simple 
proportion thus: 

What diameter of pipe will discharge 500 cu. ft. per min. with a 
velocity of 4 ft. per sec? 

The proportionate discharge for a velocity of 1 ft. per sec. would 
500 


be 2—=125 cu. ft., and from Table 7 we see that this would require 


a pipe 20 ins. diameter. 
Table 8 gives values of K=4V2+5V—2 corresponding to veloc- 
ities V from 1 to 20 ft. per sec. Its use is best shown by examples: 
Given a pipe 12 ins. diameter, 3000 ft. long and 20 ft. head; what 
will be the velocity of discharge and the discharge? 
By equation (2a) we have 
ee 12X 20X 1200 


3000 eens 


which, according to Table 8, corresponds to a velocity of 4.4 ft. per 
sec., nearly. Now, from Table 7, we have 
Discharge = 47.124 X4.4 = 207.3 cu. ft. per min. 
Given a pipe 2400 ft. long, with a head of 80 ft., what must be its 
diameter to produce a velocity of discharge of 5 ft.? 
Taking from Table 8 the value of K corresponding to a velocity 
of 5 ft., and inserting it in equation (2b), we have 


a 
/ 


sec. nearly. Now by Table 
this velocity is 


the discharge of a 4o-in. pipe with 


D=523.6X7.4=3874.64 cu. ft. 


This diameter is, therefore, clearly not enough, as there is a short- 
age of 4020—3874.64=145.36 cu. ft. From Table 7 we now see 
that a 41-in. pipe will discharge 26.5 cu. ft. per unit of velocity 
more than a 4o-in. pipe; therefore, with the same velocity of 7.4 ft., 
we have 


26.5X7.4=1096.1 cu. ft., 


which is more than the previous shortage, so that a 41-in. pipe is 
amply large enough to satisfy the requirements of the problem. 

This problem is probably the one whose solution is most frequently 
called for and is the most tedious to solve. The solution here given 
is believed to be the simplest that has been offered. 

What head is required to discharge tooo cu. ft. per. min. from a 30- 
in. pipe 300c ft. long? 

From Table 7 we find that the velocity of discharge must be 
ae te. per sec. 
294.5. 97 
sponding to this velocity and inserting it in equation (2c), we have 


Taking from Table 8 the value of K corre- 
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To make the calculations in U. S. gallons instead of cubic feet, 
formula (1) becomes: 


G=2.45 Va? (3) 


in which G=discharge, gals. per min., 
V =velocity of discharge, ft. per sec., 
d=diameter of pipe, ins. 


Table 9 gives this discharge for pipes from 1 to 48 ins. dimaeter 
for a uniform velocity unit of 1 ft. per sec. It is used in precisely 
the same manner as Table 7. 

To find the velocity head, that is, the head required to produce any 
given velocity of discharge, use the formula: 


Vi=.o15s V2 (4) 


in whichVz=the head in ft. required to produce the velocity V. 
Similarly, to find the pressure head, that is, the pressure required to 
produce any given velocity of discharge, use the formula: 


Vp=.00673 V2 (5) 


in which Vp=the pressure in lbs. per sq. in. required to produce the 
velocity V. ; 


TABLE 9.—DIscHARGE FRom Pires IN U. S. Gats. PER Min. WiTH 
VELOCITY=1 FT. PER SEC. 


ee | Gallons ea | Gallons | PS, Gallons 

IMS. ins. || ins. 
I 2.448 || 7 707.47 | 33 2665.9 
2 9.792 | 13. | 793-15 34 2820.9 
3 | 22032 | 19 883.73 | 35 2998.8 
4 | 39.168 || 20 979.20 || 36 3172.6 
5 61.200 | 21 | 1079.6 | 37 3351.3 

| | 
6 88.128 | 22 1184.8 || 38 3534.9 
7 119.95 23 1295.0 || 39 3723.4 
8 156.67 {| 24 I410.0 | 40 3916.8 
9 198.29 || 25 1530.0 | 4I AIIS.1 
10 244.80 | 26 1654.8 | 42 4318.3 
| 

II 206.21 27 1784.6 43 4526.3 
12 352.51 | 28 1919.2 44 4739.3 
13 ALS eile || 29 2058.8 | 45 4957.2 
14 479.81 | 30 2203.2 46 | 5180.0 
E500) 550,80 Crease 5295 47 | 5407.6 
16 | 626.60 | 32 2506.7 48 5640.2 


All other velocities in strict proportion. 


Table 10 gives a list of heads in ins. and ft. with their equivalent 
pressures in lbs. per sq. in. and also the corresponding velocities 
in ft. per sec. produced by these heads or pressures. 

It is often more convenient to base all calculations upon pressure 
in Ibs. inst2ad of heads in ft. To reduce heads in ft. to pressures in 
Ibs. per sq. in., multiply the head by .4331 or consult Table 3. So 
likewise equation (2a) becomes: 


2768 dP 
iE (6a) 


in which P = pressure, lbs. per sq. in. corresponding to head H of (2a), 
the remaining notation being as in (2a). 

Table 11 for the loss of head due to friction in lapped and rivetted 
pipe has been calculated by the Pelton Water Wheel Co. from Cox’s 
formulas, except that the factor 1200 is replaced by 1000 as directed 
by Mr. Cox. 

A graphical method of making pipe-line calculations for the flow of 
water is given in Fig. 2, by Watrer R. Ciark, Mech. Engr. of the 
Bridgeport Brass Co. (Amer. Mach., July 8, 1909). Large pressure 
losses are included in the scale in order to adapt the chart to pipe- 
lines for high-pressure hydraulic machine service, in which much 
larger losses are permissible than in others because, under the high 
pressures, a large absolute loss is still a small percentage loss. 


K= 
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The chart represents the following formulas which were deduced 
from Ellis and Howland’s tables: 


Q=discharge, gals. per min., 

V =velocity, ft. per sec., 

D=inside diameter, ins., 

F =friction loss, lbs. per sq. in. for each too ft. of clean 
straight iron pipe, the values given being approxi- 
mately true for V greater than 3. 


in which 


The use of the chart is shown by the example below it. 

The full lines refer to pipe of which the nominal and actual diam- 
eters are the same, while the dotted lines refer to standard pipe. 
To use the chart for extra and double extra strong pipe, determine 
the actual diameter from the full lines and then refer to Tables 12 
and 13 for the pipe having its diameter nearest to that given by the 
chart. 


TABLE Ic.—VELOCITIES WITH CORRESPONDING HEADS AND 


PRESSURES 
Veldheada | re os eevee Velthead, | Vo Pie eee 
ins. 12 Cee ft. per sec. it: Le Bee ft. per sec. 
SGiavitya | sq. in. 
. 186 .0067 I.00 TS255 - 5451 9.00 
744 0269 2.00 I.550 0730 I0.00 
I.000 . 0361 3) 2.000 . 8670 RIAs 
1.674 . 0606 3.00 2.307 I.0000 I2.19 
2.000 70722 Siok 3.000 I. 3005 13.90 
2.976 .1077 4.00 4.000 1.7340 16.05 
3.000 1084 4.01 4.614 2.0000 17.24 
4.000 .1445 4.63 5.000 2. TO75 17.94 
4.650 . 1682 5.00 6.000 2.6010 19.66 
5.000 . 1806 5.18 6.920 3.0000 21.12 
6.000 2167. 5.07 7.000 3.0345" 21,23 
6.696 2423 6.00 8.000 3.4680 22.70 
7.000 2529 6.13 9.000 3.9015 24.07 
8.000 . 2890 6.55 9.227 4.0000 24.38 
9.000 a eaee 6.95 10.000 4.3350 25.38 
9.114 - 3298 7.00 II.534 5.0000 27.26 
10.000 3612 fin 673 13.841 6.co00 29.86 
II.000 3974 7.65 16.148 | 7.0000 32.26 
II.904 -4307 8.00 18.454 8.0000 34.48 
12 -4335 8.02 20.761 9.0000 36.58 


The friction losses given by the chart do not include those due to 
water flowing into the pipe from another vessel or vice versa, nor 
to ells or tees, for which latter see below. 

The chart may also be used in other ways. Thus if the pipe 
diameter and velocity are given, we find the intersection of the two 
diagonals representing pipe size and velocity and read down from 
their intersection to get gals. per min.; up to get cu. ft. per min.; 
and to the right to get lbs. pressure drop per 100 ft. of pipe. 

For the equation of main and branch lines of commercial pipe, 
including standard, extra and double extra strong by their actual 
inside diameters, see Index. 

The resistance of pipe fittings to the flow of water formed the subject 
of experiments by Pror. F. E. Gresecke (Domestic Engineering, Nov. 
2, 1912). The information sought was for use in the design of 
apparatus for warming buildings by hot water and hence the fittings 
tested did not exceed 2 ins. nominal diameter and the observed 
velocities of flow did not exceed 1 ft. per sec. In spite of these limita- 
tions the experiments are the best of which the author has knowledge 
—the more so as the concordance of the results indicates that they 
may be applied materially beyond the limits of the observations 
without sensible error. 
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TasBLe 11.—Loss or Heap By Friction Per too Fr. LeNctH oF PIPE 
Diam ae" . 
TAs, 6 7 8 9 10 Il 12 13 14 15 16 18 
Loss | » Loss | » . | Loss | » Loss | » Loss | ¥ Loss | » Loss | + Loss | # Loss 2 Loss | ¥ Loss | # Loss| ¥ a 
Bole abot PSH of-/ 88 of feel oe | 2g 8 g 28 8 8 g 2 g Cpe 8 
Bn ft. 2 A Sg} 0° OE iO etn 0! cetera en Ofan | eqieed OL Mire OL wilroca ser OL || eit IM OLe res seta Ose all cy Sl enOL me tneoiaes 
Ser head 2 e head 2 ,, | head 2 e head 2 7 head 2 z head 5 . head 3 & | head 2 a head 3 a head 3 head 3 & | head 3 a 
see: in 5 g in a a,| in |) abel Bh in no in ya in s 3 in BE in ee in Sas in s 3 in 33 
feet feet feet | O feet | O feet | C feet | O feet | O feet | O feet | 2 feet | O feet | C feet | C 
2.0 | .39 | 23.5) .33 | 32.0] .30 | 42.9] .26 | 53.0) .23 | 65.4] .2r 719 198] 94 183] 110 169] 128 LORCA ae LAT LOG. sero deg2i moras 
22 PAOMIN2S.O}] J40) || S5eai) oS. | 40.2) .3r | SS.a} <28 | 72. v2 87 234| 103 216] 121 200] I41 187| 162 175| 184 156) 233 
SeAvies4 | 2952) .A40 1 S855) <42 | 50.2] .36 | 63.6] «32 )°78.5) 120 05 273) Tis 252| 133 .234| 154 218| 176 205| 201 182] 254 
Qo ecOs 16 SO. Ol S41 40.7) <47 | Sdod|) 42 | 68.9) .37 (85,2 34 | 103 SIs T22 200] 144 Ayloy, Skog. || SEAN uetey: 2360| 218 210] 275 
2.8 OPA SasOnl.OF 1 4A 20) 54) S86) «48 | 7462) .A3 |) oF.6) .39.)) TIT .360] 132 Woozl DSO . 308] 179 . 288] 206 270| 234 240| 297 
3.0] .8r | 35.3] .69 | 48.1) .6r | 62.8] .54 | 79.5) .48 | 98.2] .44 | 119 | .407] raz | .375| 166 | .340| 102 | .325| 221 306] 251 271| 318 
3.2 POH Orie! Sle si «OS | O70) 60. Saus] .54 150s -49 | 127 457) I51 .422| 177 -392| 205 . 3606] 235 343| 268 BOS 330 
3-4 11.02 | 40.0] .87 | 54.5] .7 nar 368° | 60.5} <6 [xre <SS.| B34 510] 160 471| 188 | .438] 218 | .408] 250 383) 284 339} 360 
Sc Osit. 03 | 42-4) .06 | 57.7) .84 | 75.41 .75-| os.4| .67 Irx8 OL 142 566! 169 B22) TOO | 5485] 237 452] 265 425| 301 AEA) 
Ses thas 44.7|1.07 60.0) 93 70.0) .83 |101 74. (324 .68 | 150 624] 179 576] 210 535| 243 | .4909] 280 | .468] 318 416} 403 
BO 48.37 1 47.01.27 | 64. 7/5.02 | 83.7| -OL |106 roa) (rex GAS SS .685| 188 632) 227 .587) 256 .548] 204 Brae s35 -456| 424 
4.2 |1.40 49.5|1.28 G7 Six. 22), 87.9] 700 jrzT |) «80 1137 . 81 166 749| 108 .691| 232 | .641r| 269 598) 309 .561| 352 -499| 445 
Ana }r.O2.) S51. S/1.30 | 70.5|2.22 2.012208 |256. |) 07 p44 .88 | 174 815| 207 +751} 243 .698| 282 651) 324 | .631) 368 542| 466 
| 
4.0) EF 54.1/1.51 PR TL Sant ON SIL LY Let |1.05 150 | .96 | 182 883] 217 .815| 254° 757| 205 707| 339 .662| 385 588] 488 
4.8 |1.90 56.5|2.63 | 76.9|2.43 |100. |z.27 |127 |I.14 |157 |1.04 | 190 | .954| 226 | .881| 265 818] 308. |-.763| 353 7I5| 402 636! 509 
| | | | 
| | | | | 
§.0 |2.05 | 58.9|1.76 | 80.2)/r.54 |ros |1.37 {132 |z.23 |163 |1x.12 | 198 |r.028] 235 -949| 276 881) 321 822] 368 770| 419 685] 530 
Bree jan QE 61.21.89 83.3)1.65 |Ico |1.47 |138 |1.32 |170 |1.20 | 206 |1.104] 245 |1.020] 287 -947| 333 - 883} 383 828] 435 730| 551 
LA Wl Mee d 63.6/2.03 86.6/1.77 {123 {1.57 |143 {1.41 [177 |1.28 | 214 |1.183] 254 |1.092] 208 I1.014| 346 947| 397 888) 452 788) 572 
5.6 12.53 65.9/2.17 89.8)1.89 {117 1.68 148 Past ees E.37. | 222 |%.26 | 264 |r, 167| 300 5.083) 350 itlort| Ara .949| 460- 843] 594 
Ba j2-70 68 .3/2.31 93.0/2,01 |12r |1.80 |154 |Z.6I |190 |1.46 | 229 |1.34 | 273 |1.245] 321 |1.155|-372 |1.078| 427 |1.011| 486 | 899] O15 
| | | | | | | 
| 
6.0 |2.87 70.7\2.46 | 96.2/2.15 |125 I.92 |I590 |1.7I {196 |1.56 | 237 |1.43 | 283 |1.325] 332 |1.220| 385 |1.148] 442 |1.076] 502 957| 636 
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Example: 200 gals. per min. are to be transmitted 500 ft. with an allowable loss of pressure of 50 lbs. per sq. in. From 200 gals. on the 
base line trace vertically to the intersection with the line for a pressure loss of 10 lbs. persq.in. The intersection is found near the diagonal 
for 2 1/2 in. pipe which is nearest the required size. The intersection also falls near the diagonal for 12 ft. per sec. velocity showing the 
velocity to be about that figure. If preferred read cu. ft. on the top scale in place of gals. on the bottom. Full lines refer to pipe of which 
the nominal and actual diameters are the same; dotted lines refer to standard pipe. 


Fic. 2.—Flow of water in pipes. 
TABLE 12.—ACTUAL INTERNAL DIAMETERS OF ExTRA STRONG PIPE TABLE 13.—ACTUAL INTERNAL DIAMETERS OF DOUBLE EXTRA 
: ; ; Internal diam- Ls oe ‘ ‘ Internal diameter, STRONG PIPE 
Nominal size, ins. : Nominal size, ins. A 
7 meter, ins. ae Bats ae ate Internal diam- eae . _| Internal diameter, 

- ; Nominal size, ins. . Nominal size, ins.) f 
$ < 255 4 3.826 eter, ins. | ins. 
ry “302 42 4.290 a 252 3h 2.728 
: 5428 5 A813 : 434 4 3.152 
2 “546 6 Saiz I 599 43 3.580 
a « | 

a nee : ae re .896 & 4.063 

9 7-025 ne | I. 100 | 6 J 

str | 1.278 9 8.625 7 = : at 
1 | es 2 1.503 | 7 5.875 

Iz LE GESCOLS) 10 9.750 on 1.771 8 | 6.875 

2 I.939 It 10.750 3 2.300 | 

23 2.323 12 II.750 = 

3 2.900 13 13.000 

ae es 38 3.364 14 14.000 its hydraulic grade is the straight line AC joining its two extremities, 


and no part of the pipe-line must rise above this grade. Therefore, 

The resulting data, as related to elbows, are given in graphic form _ before laying pipes through rough country, it is necessary to have a 

in Fig. 3, while the accompanying table gives ratios for other fittings. profile of the ground so as to be sure that the pipe, when laid, shall 

In laying pipe-lines for flow due to gravity it should not be forgotten conform to this requirement. Neglect of this indispensable condition 
that no part of the line must rise above the hydraulic grade line. will lead to an interrupted or diminished flow. 

That is to say, referring to Fig. 4, if ABC represents a pipe-line, then Should the pipe at any point rise above the hydraulic grade line, 
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it becomes in effect a siphon and subject to the uncertainties of a 
siphon. 
Hydraulic Press Cylinders and Rams 

__ A reaction has taken place against the high pressures (sooo to 

6000 Ibs. per sq. in.) which were favored at one time for hydraulic 
machinery. Such pressures are now used only when necessary and 
are obtained locally by intensifiers from a lower service pressure. 
When subject to free choice, the general service pressures used range 
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ASRS: ae ee se 2 3 4 5 Get 6839) 10. 
Diameter of pipe, ins. 
1-45 deg. elbow equals 3-90 deg. elbow 
i— open return bend equals 1-90 deg. elbow 
1— gate valve equals 3-90 deg. elbow 
1— globe valve equals 12-90 deg. elbows 
1— tee equals 2-90 deg. elbows 


Fic. 3.—Resistance of pipe fittings to the flow of water. 


between tooo and 1500 lbs. per sq. in. for which, so far as possible, 
the operating machines are designed. 

The thickness of hydraulic press cylinders may be determined from 
Fig. 5 by Pror, A. L. Jenxuys (Amer. Mach., Mar. 31, 1910) which 
plots Barlow’s and Lamé’s formulas. Experiments by Professor 
Goodman, of Leeds, England, confirm the substantial correctness of 
Barlow’s formula, which is to be preferred. The extensive use of 
Lamé’s formula leads the author to include its chart line for those 
who, using it, prefer to continue to do so, and for those who wish to 
make comparisons. It should be said also that Merriman’s formula 
gives identical results with Barlow’s and that Burr’s and Lanza’s 
formulas give identical results with Lamé’s. Following are Barlow’s 
and Lamé’s formulas: 


iS 
E Tti Barlow. 
T=R( [S+P :) Lamé. 
S—P 


in both of which S=fiber stress, lbs. per sq. in., 
P=hydraulic pressure, lbs. per sq. in., 
R=inside radius of cylinder, ins. 
T =thickness of cylinder, ins. 
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The use of the chart is best shown by an example. Required 
the thickness of a cylinder 20 ins. internal diameter, subjected to a 


pressure of tooo lbs. per sq. in., the fiber stress on the material being 


: hs 6 : ; : 
6000 lbs. per sq. in., giving eee. Find 6 in the base line, 
trace upward to the diagonal line for Barlow’s formula and then to 


the left, where read 5 for the value of as 


Or, using the line for Lamé’s formula, 


The value of R being to 


% I 
gives Sone or T=2 ins. 
R 


we find pass that is =5.5 or, 7=1.82 ins. 


A 


Fic. 4.—Precaution in pipe laying. 
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Fic. 5.—Thickness of hydraulic press cylinders. 


Professor Jenkins recommends a fiber stress of 6000 lbs. per sq. in. 
for cast-iron and 13,000 to 18,000 for steel cylinders. The former 
figure seems rather high unless air-furnace iron be used, which, 
indeed, it should be to avoid the porosity of cupola iron. 

The common construction by which the radius of the closed end 
of a hydraulic cylinder is made equal to the diameter of the cylinder, 
is a mistaken application of the fact that the stress per sq. in. due to 
internal pressure in a sphere is one-half the longitudinal stress in a 
cylinder of the same diameter. The theory of such stresses is based 
on the supposition of a complete hemisphere and is not true for lesser 
segments. This application of the theory leads to bending stresses 
at the junction of the end with the barrel. Such stresses can be 
avoided only by making the end of the cylinder a complete hemisphere 
as shown in Fig. 12. When necessary to save room, some designers 
use an inside radius of three-fourths, a fillet of one-fourth the diam- 
eter of the cylinder and an end thickness equal to that of the cylinder 
walls. 

The thickness of hydraulic press rams, centrally and eccentrically 
loaded, may be determined from Fig. 6, by PROFESSOR JENKINS 
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(Amer. Mach., Dec. 8, 1910). 
is expressed by the formula: 
R 


For centrally loaded rams, the relation 


R as ; 
to the left for the value of a when, R being known, T is quickly found. 


For pressures less than 2000 lbs. per sq. in., the chart gives values 
for T that are small compared with those used in practice, due to the 
fact that the assumption of central loading can seldom be made. 
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Fic. 6.—Thickness of hydraulic press rams 
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Fic, 15. 
Rapieff flange packing. 


Fic, 16. 
Leather ring flange packing. 


Valves and 
_ Rams to 2” 


Valves 


Fic. 14. 
Leather ring plunger packing. 
. Fics. 7 to 16.—High-pressure hydraulic packings. 
in which R=outside radius of ram, ins.; It is, therefore, best to assume an eccentric load for which the formula 
T=thickness of ram, ins., is: 
P=pressure on ram, lbs. per sq. in., S I 4K 
S=stress on ram, lbs. per sq. in. ee or os) T\4 
ee 
in which eccentricity of load, ins. 
te R : 


This equation is plotted in the curve AB, Fig. 6. Enter the chart 
) trace upward to the curve AB and then 


S 


by the assumed value of 
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the remaining notation being as in the last formula, while the 
plus sign relates to the compressive and the negative to the tensile 
stress. 

The use of the formula is best shown by an example: 


Let P=2000 lbs. per sq. in., 
R=5 ins., 
T=13 ins., 
eccentricity of load=1o ins., 
ato Io 
givingkK = a =2 


Enter the chart with z ae 


=3 with sufficient accuracy, and trace 
to the right for the curves for K=2 and then down, finding Sas. 


for tension and 11.75 for compression, or, S=8.2X2000= 16,400 
for tension and 11.75 X 2000= 23,500 for compression. 


Hydraulic Packing 


The present tendency, for work of a rugged character, is to adopt 
the stuffing box in place of all forms of leather packing in hydraulic 
machinery. The chief reason lies in the easier renewal and the 
reduced liability of stuffing-box packing to injury from rusty and 
scored rams and cylinders. Security against injury from these 
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FIG, 20. 
Fics. 17 to 20.—Molds for making hydraulic cupped leathers. 


causes makes necessary the use of brass or copper linings with leather 
packings, a precaution that is not necessary with the stuffing box. 
Leather, however, still has, and probably always will have, appli- 
cation in packings for valves and in places where it can be protected 
from injury. 

Figs. 7, 8 and 9 show the cup, U and hat forms of hydraulic leathers, 
Figs. 11, 12 and 13 showing applications. Fig. 10 shows the manner 
in which the leathers fail at the bend A. In order to reduce this 
tendency it is important to shape the part against which thebend 
of the leather fits to the shape of the leather as shown in Figs. 11, 12 
and 13. The depth of the packing has no effect on its tightness or 
friction and, to save unnecessary stress on the leather when forming 
it, a moderate depth is best. Pror. A. Lewis JENKINS (Amer. 
Mach., Sept. 22, 1910) gives the dimensions of Table 14 for U and 
cup leathers. 
Some constructors prefer the leather-ring form of packing to the 

cupped leather. This construction with dimensions is shown in 
- Fig. 14. It has been used successfully for pressures of 6000 lbs. per 
sq. in. Cylinder packing is turned to fit the cylinder and ram 
packing is bored to fit the ram, other dimensions being left rough. 
Multiple leathers are stitched or cemented together.. The pressure 
water must be given free access to the spaces behind and below the 
ring and, contrary to what might be expected, this construction can 
only be used for pressure in one direction—double-acting cylinders 
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requiring a ring for each direction of pressure. Obviously too, it 
will not make the double joint of Fig. 12. If used in this construction 
a joint must be made under the gland flange and for this the Rapieff 
joint, Fig. 15, is well tested and very suitable (see Rapieff joint). 
The action of the leather-ring packing is undoubtedly the same as 
that of the cupped form, that is, the pressure behind and below the 


TABLE 14.—DIMENSIONS OF HyDRAULIC CUPPED LEATHER PACKINGS 
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leather forces it toward the joint, as Fig. 10 shows it to do with cupped 
packing. This makes it suitable for use as a flange packing as shown 
in Fig. 16, in which it is not pinched in place but is free to be forced 
into the joint after the manner of the Rapieff construction. 

Leather packings are usually made of hard, close-grained, oak- 
tanned leather, though some prefer Vim leather. They should be 
shaved to uniform thickness and soaked in warm water to make 
them pliable. Concensus of opinion favors the flesh side for the 
wearing side. After drying, they should be soaked for a half hour 
in warm tallow or paraffin Fig. 17 (Mechanical World, 1905) shows 
the form of the mold for cup, Fig. 18 for hat, and Figs. 19 and 20 for 
Uleathers. In making U leathers, after the first operation, Fig. 19, 
the leather should stand an hour or more when the center block is 
inserted, the middle part is forced partly back and the whole allowed 
to dry. The mold should be forced together with a vice or press, 
the use of a central bolt being inadvisable as the leather draws away 
from the hole and sometimes tears. 

The proportions of stuffing boxes for high-pressure hydraulic work 
may be determined from Fig. 21 by Proressor JENKINS (Amer. 
Mach., Sept. 22, 1910). The diameter of the bolts should be figured 
for a stress at the root of the thread of from 10,000 to 15,000 lbs. 
per sq. in., remembering that the studs need carry no considerable 
stress due to screwing up and that the load due to the pressure is 
only that for the ring area of the cavity. 

There is a diversity of practice regarding the shape of the bottom 
of the stuffing box and the end of the gland, some claiming that the 
taper shown by the dotted lines leads to an undue pressure against 
the ram if leakage around and outside the packing is to be prevented, 
while others claim that the flat construction requires such pressure 
of the gland as to cause the packing to harden and score the ram. 
The construction shown in the small view of Fig. 21 would seem to 
be the most logical. 


Friction of the Hydraulic Cup Leather Packing 


The friction of hydraulic cup leather packing formed the subject of a 
thorough and painstaking investigation with specially constructed 
apparatus by John Hick of Bolton, England, and published in a 
pamphlet by E. & F. N. Spon in 1867. Experiments were made on 


1. 4-, and8-in. rams under a great variety of pressures ranging 
between 200 and 6000 lbs. per sq. in., and showed the following 
general results: 

The total friction increases with the pressure. 

At constant pressure per sq. in. the total friction increases in 
direct proportion with the diameter of the ram, that is to say: 


| 


14.5 d><1.5 dot 


es 
| 


| 
| 
| 
| 
| 


be4.75 d>!<1:75.d><-2 d—>| 


Fic. 22.—High-pressure hydraulic stop valve. 


At constant pressure per sq. in. the percentage lost by friction 
varies inversely with the diameter. 

The depth of the leather does not affect the friction of the ram. 

The experiments resulted in the following formula: 

Total friction, lbs.=CXram diam., ins. Xpres. per sq. in., lbs. 

The value of C for new, hard, badly lubricated leathers was .0471 
and for well-lubricated leathers in good condition .0314. 
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Mr. Hick concludes the account of his experiments with Table 15 
of the frictional resistance as a percentage of the total pressure on 
rams. These losses seem very small but they are well authenticated. 


TABLE I5.—THE FRICTIONAL RESISTANCE OF Cup LEATHER 
HYDRAULIC PACKING 


~ awaaver, inches /|Friction, per cent.| Diameter, inches |Friction, per cent. 

; 2 2.0 sil I2 0.33 
3 Tee 1683 0.30 
4 0 14 0,28 
5 0.80 | 15 0.26 
6 0.66 16 0.25 

i 

7 0.57 17 0.23 
8 0.50 18 0.22 
9 0.44 19 0.21 
10 0.40 20 0.20 
Ir 0.38 


Friction of Hydraulic Stuffing Boxes 


The friction of hydraulic stuffing boxes using braided hemp packing, 
compressed rather hard with fair lubrication and plunger condition, 
formed the subject of experiments made at the Pencoyd Iron Works, 
and reported by WALTER Ferris (Amer. Mach., Feb. 3, 1898). The 
apparatus used was a hydraulic intensifier having rams of 17%, 141, 
and 8 ins. diameter used in various combinations. Initial pressures 
of 285, 335, 350 and 475 and terminal pressures of 750, 1450 and 1510 
Ibs. per sq. in. were used. 

Unlike the cup leather, the stuffing box is subject to the outside 
pressure of the gland bolts and with the gland screwed down hard 
enough to hold high pressures, an increased percentage loss was 
naturally found when lighter pressures were used. With the packing 
compressed only enough to prevent leakage, Mr. Ferris finds the 
formula: 

Total friction, lbs.=.2 ram diam., ins. Xpres. per sq. in., lbs. 
to fairly represent the most efficient performance to be expected 
from machines having a single ram. 

For the percentage of loss Mr. Ferris deduces from this: 


Total friction, lbs. 25 
Total pressure, lbs. diam. ram, ins. 


showing the percentage of loss to vary inversely with the diameter 
and, since low pressures involve large diameters, he advocates low 
pressures, with intensifiers where necessary. 

For intensifiers, which have two rams, he deduces the formula: 


in which p, =initial pressure, lbs. per sq. in., 
p.=intensified pressure, lbs. per sq. in., 
A =area of large ram, sq. ins., 
a=area of small ram, sq. ins., 
D=diameter of large ram, ins., 
d=diameter of small ram, ins. 


Table 16 compares the results obtained with varying initial pres- 
sures under the same adjustment of the stuffing box with the results 
to be expected from this formula and brings out the progressive 
effect of an undue tightening of the gland bolts. 


TABLE 16.—FERRIS’S EXPERIMENTAL RESULTS COMPARED WITH 
His FoRMULA FOR THE FRICTION OF HyDRAULIC INTENSIFIERS 
FitteD with Hemp Pacxep StTurFING BoxEs 


Initial’ pressure; lbsuper sq. ines aaneene sneneein 475 350 335 | 285 

Intensified pressure by experiment, lbs. per sq. in.| 1450 | 1510 1450 | 750 

Intensified pressure by formula, lbs. per sq. in... .| I433 | 1643 | 1572 | 860 
.. experiment 

Ratio formulae 622 oe eee oe a I.OL .92 302 Hor, 
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Fic. 23.—Quick return hydraulic valve. 


Fic. 24.- Leather Rings in Valve Seat 


High-pressure Hydraulic Valves and Fittings 


For high-pressure flange joints, see Index. 

A valve for high-pressure (1500 lbs.) hydraulic service is shown in 
Fig. 22, by Jas. CLARK (Amer. Mach., Aug. 10, 1911). 

The body B is a steel casting. The inlet and outlet are 2 ins. in 
diameter. The bushings C are 33 ins. inside diameter and were 
' made from drawn brass tube # in. thick. They are provided with 
16 inlet ports d and 16 outlet ports e, each }X{$in. The cup seats, 
distance pieces, and screw are brass, while the stem F is soft steel, 
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Fic, 25-- Leather Ring in Valve 


Fics. 24 and 25.—Leather sealed valves for high-pressure hydraulic 
service. 


brass not having the requisite strength. The clamping parts and 
handwheel are cast-iron. 

The joints in the center are made tight by the use of gaskets, but 
it was not considered safe to use gaskets for the end joints; hence, 
the U cups were used instead. The bushings were made a slip-fit 
in the body. It is also necessary to have vent holes at the points 
g and h, so that in case a cup should leak, the balance would not then 
be destroyed. 

In service these valves have proven absolutely tight. 

A quick return hydraulic valve, intended to reduce the time required 
for the return stroke of hydraulic machinery, is shown in Fig. 23 
(Amer. Mach., Apr.8, 1897). The valve is used successfully in a large 
steel works under pressures as high as 4000 lbs. per sq. in. The 
construction involves a main valve operated by the water pressure, 
which latter is controlled by the usual small hand-operated valve, 
which becomes, with this arrangement, a supplementary valve. 

The valve is attached at any convenient point, preferably directly 
to the hydraulic cylinder at a. The high-pressure water enters 
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from below at b. At the top, at orifice c, is a connection to a small 
hand valve, which controls the action of the piston d, which forms 
the head of and actuates the main valve. The water is discharged 
from the main cylinder through the valve and the opening e, the valve, 
as shown, being in position for discharging the main cylinder. 

In operation, when the water above the piston d is discharged 
by a small hand valve, the water at } forces the valve up at once, 
closing the exhaust and introducing the high-pressure water into the 
main cylinder. A reverse operation forces the piston d down, shut- 
ting off the water from the main cylinder, and simultaneously opening 
the exhaust via the outlet e. It will be observed that the valve is 
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Fic. 26.—Poppet valve for high-pressure hydraulic service, Riedler 
system. 


metal-seated, no live packing being necessary except that shown in 
the small piston d. 

A leather-seated valve for high-pressure hydraulic pump service, 
as used at the Pencoyd Iron Works under 500 lbs. pressure, is shown 
in Figs. 24 and 25 (Amer. Mach., July 14, 18098). 

A groove about § in. square, but slightly dovetailed at the bottom, 
is cut in the face, in which is inserted the ring of leather, this ring, 
as inserted, standing slightly above the surrounding surface, but, 
of course, soon becoming flattened under the pressure until this 
projection above the surface is scarcely appreciable. Fig. 24 shows 
the construction as applied to the seat, while Fig. 25 shows it applied 
to a valve. 
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This construction is practically a complete preventative of the 
tendency of high-pressure water to cut and score the valve seats. 

Valves for high-pressure hydraulic service as used on the pumping 
engines of the Pope Tube Mills (Riedler system) are shown in Fig. 26 
(Amer. Mach., Oct. 27, 1898). The illustration shows both suction and 
discharge valves which are identical. The engine operates at 60 
r.p.m. and under 1500 lbs. per sq. in. pressure with entire smoothness, 
indicator cords under those conditions being almost entirely free 
from oscillations. The special feature of the Riedler system of valves 
is that while they are closed positively by mechanism they are opened 
by fluid pressure—air or water as the case may be. The valve seat 
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FIG, 27. Fic. 28. 
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Fics. 27 to 32.—Rapid and flexible hydraulic pipe connections. 


will be seen to be inserted and to be held down in place by the conical 
ended pins a, while it is packed against leakage by the cupped leather 
b. By the aid of six webs it carries a central seat c, the opening being 
thus annular. From the seat c rises the guiding stem d, on which 
the valve slides as it opens, the stop e limiting its movement. The 
valve proper f is a ring and carries above it a second ring g, having 
four cross webs # cast in one with it, the sleeve 7, also in one with h, 
surrounding the stem d. The sleevez has a threaded cap 7 screwed 
down to a defined position, and serving on its lower side asa stop 
for the flange k, which is pressed upward against by a strong spring /. 
The rock shaft m is the valve-closing shaft. Two disks, one of which 
is seen at n, stand one each side of the valve stem d, their simul- 
taneous action being secured by the connecting tie 0, while each 
disk carries a pin p, which, when moving downward, acts on the flange 
k and closes the valve through the medium of the spring 7. At 
first sight there would appear to be still a spring action here, but in 
point of fact the spring is only a safeguard. It is of a strength 
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sufficient to cause the flange k and the sleeve 7 and with them the 
valve, to move as one piece. The action is strictly mechanical, and 
the valve moves with the mechanism as though the spring were not 
there, but should a particle of foreign substance lodge under the valve, 
and so prevent its seating, or should the valve be set wrong, during 
the trial adjustments, the spring would give way and prevent damage. 
Without the provision of the spring, disaster might follow on slight 
causes. 

Another novel feature of this valve is seen in the leather ring 4, 
placed between the valve f and the ring g. The tendency of high- 
pressure water to take advantage of any slight leak through a valve 
and cut the valve and seat into channels is well known, and this 
leather ring is provided to stop it. The valve is not leather packed 
in the usual sense, in that it has a metal to metal joint, being in fact 
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connection with their large pumping engines is shown in Fig. 34 
(Amer. Mach., Mar. 26, 1903). 

The main globe casting, which is of 13 ins. interior diameter, is 
located near the water end of the engine and is connected at @ with 
one end of one of the pump cylinders and at b with the air space in the 
airchamber. The connection at a being with a pump cylinder, the in- 
terior of the globe is subject to alternate pressure and suction. Dur- 
ing the suction stroke the globe is filled with air by the valve d, and 
during the pressure stroke this air is expelled through the valve e 
and the pipe 0 to the air chamber. The valve c is introduced to 
control the ingress and egress of the water. On the one hand air 
must not enter so freely as to more than fill the globe and then escape 
to the pump cylinder, and on the other the globe must be so nearly 
full of water that the rise during the pressure stroke will expel the 
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Fic. 33.—Dimensions of swivel pipe joints for high-pressure hydraulic service. 


a perfect valve from usual standards without the leather ring, which 
simply serves to seal the joint and prevent the water from finding 
its way through any incipient leaks that may be present, and thus 
prevent grooving and channeling the valve and seat. 

Flexible hydraulic fittings, designed originally for a testing room 
but useful in other locations, are shown in Figs. 27-32 by F. S. 
BUNKER (Amer. Mach., June 22,1911). The rapid-connection coup- 
ling, Fig. 27, has its upper half connected into the stop valve on the 
main-line tap while the lower half is fitted to the pipe A of any of the 
flexible or semi-flexible joints, Figs. 29, 30 and 31. When connecting 
Fig. 27, it is only necessary to push the central pipe into the main 
housing and give it a quarter turn which seats the cross pin in the 
hook H. Fig. 32 is a swivel joint which, used in pipes A and B of 
Figs. 29, 30 and 31, makes them all universal. Fig. 28 shows a 
union joint. 

A swivel pipe joint for hydraulic pipe work, compiled from actual 
experience, is supplied by U. Peters (Amer. Mach., June 11, 1903) 
and shown in Fig. 33 and the accompanying table of dimensions. 

An air-chamber charging device used by the Nordberg Mfg. Co. in 


air. With free egress of the water it might easily escape in such 
volume that, opposed by the compressed air above it, it would not 
rise to a point where the air would be expelled. On the contrary, 
there is no danger of having too much water in the globe, as the return 
of the water from pipe 0 is prevented by the valve e, any drop of the 
water level insuring the entering of a fresh supply of air. To insure 
working conditions it is essential then that the water shall enter the 
globe more freely than it escapes from it. Valve c is therefore an 
obstruction valve only—that is, it has a hole through it for the water 
to escape. During the pressure stroke this valve opens freely and 
the water enters and expels the air, but during the suction stroke 
the water can only escape through the hole and the flow outward 
being more restricted than that inward, it is made certain that the 
volume of water escaping from the globe will not be in excess of that 
which will again completely fill it and expel the air on the succeeding 
pressure stroke. 

An air-chamber charging device for high-pressure work by Walter 
Ferris is shown in Fig. 35 (Amer. Mach., Nov. 2,1899). Itconsists of a 
vertical barrel of pipe, connected at the bottom with one water cylin- 
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der of the main pressure pump, and ending at the top in a branch 
carrying two check valves, one inward and one outward opening. 
The connection to the main pressure pump is preferably—though 
not necessarily—double; a large pipe with a check valve opening 
toward the main pump, and a small pipe without a check valve. 
This is to partially equalize the amount of water passing from the 
main pump to the air pump under (say) 500 lbs. pressure per sq. in. 
with the amount returning to the main pump during its suction 
stroke, at a pressure of 5 or 10 Ibs. Hence, during the suction 
stroke the water from the air pump comes into the main pump through 
both the 13-in. and 3-in. pipes, but it is expelled during the delivery 
stroke through the 3-in. pipe only, as the check valve in the 1}-in. 
pipe closes. It is absolutely necessary to the successful working 
of this pump that it should have no appreciable clearance spaces. 
During the delivery stroke of the main pump the water must rise 
into the air pump and fill it up to the upper check valve V2, expelling 
every particle of air. Some water goes through the check valve, 
too, but that does no harm. Then, during the suction stroke the 


Fic. 34.—Air chamber charging device. 


valve V2 closes, the water is drawn back to the main pump, followed 
by air which enters through the check valve Vi, and which is expelled 
during the next delivery stroke. The branch carrying the two check 
valves V; and V2 is inclined, in order to prevent the trapping of air 
under the caps of the valves or in other recesses. For the same 
reason the nipple @ is tapped into the cap 0 at the highest point. 
In proportioning the pipes c and d it is also necessary to be sure that 
more water will leave the main pump during each delivery stroke 
than will come back during the next suction stroke. Otherwise 
the barrel of the air pump will soon be pumped dry and fail to work. 

Long suction pipes should be fitted with air chambers. It is not the 
pressure but the energy of the moving water that causes water 
hammer and, except for the increased diameter of the pipe and the 
resulting reduced velocity of the water, air chambers are about as 
necessary on suction as on pressure lines. F.M. Wheeler has pointed 
out (Trans. A. S. M. E., Vol. 14) that suction chambers are frequently 
wrongly connected. The air chamber should be so placed that when- 
ever the column of water is stopped or checked by the action of the 
pump it can flow on past the pump suction chamber or valves to the 
air chamber, so that its energy can be expended directly on the con- 
fined air. The chamber should not be so placed that the water 
passes under or past a right angle opening into it. Mr. Wheeler 
cites Fig. 36 as a bad and Figs. 37, 38 and 39 as good arrangements. 

The siphon, although the simplest of mechanical appliances, is 


subject to many vagaries and frequently refuses to operate. Let- 
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CESTER ALLEN (Amer. Mach., Sept. 21, 1893) after much experimental 
work, explains many of these actions and the means of overcoming 
them as follows: 

The siphon shown in Fig. 41 is clearly inoperative. The discharge 
from the free end b is so much greater than the inflow at a that the 
liquid in the branch cb runs out, admitting air and stopping the action 
almost immediately, unless the siphon be so small that the leg cd, 
through its capilarity, holds the liquid column from breaking up. 
In general, through the effect of capilarity, small siphons will often 
work even though large ones constructed in the same .way will not. 


4 Water Oylinder 
\of Main Pressure 
Pump 


Fic. 35.—Air chamber charging device for high pressures. 


In Fig. 42 is shown a reverse construction in which the supply end 
is made much larger than the discharge end, the latter being still 
free as before. Here the supply always being more than sufficient 
for satisfying the capacity of the discharge end, the siphon, if operat- 
ing upon a liquid entirely free from absorbed gas and non-volatile, 
will be continuously operative so long as the liquid in A is maintained 
at a level that will keep the end a submerged. 

Fig. 43 illustrates how the inoperative form of siphon, shown in 
Fig. 41, may be made operative by submerging the discharge end 
in the liquid of the receiving tank B. With a non-volatile liquid 
containing no absorbed gas, the discharge of the siphon, thus con- 
structed and arranged, would be continuous, so long as both ends 
are kept submerged. 

A practical conclusion from what has been said is, that siphons 
will be more certain in their action when the supply end is larger 
than the discharge end, and when the discharge end is submerged. 
A regulating valve or cock, at or near the discharge end of the siphon, 
may be used to adjust the discharge and regulate it into proper 
relation with the supply. When this appliance is used, the pipe 
may be made of equal size throughout; and, in such case, the dis- 
charge end may be left free without cessation of flow, when the liquid 
to be siphoned is non-volatile and free from absorbed gas. The 
supply end may even be smaller than the discharge end when the 
regulating valve is used. : 

When the supply end of a siphon is only a little lower than the 
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highest point of the bend, and when, also, the level of discharge is 
very much lower than the level of supply, if the discharge end be 
left free, and the caliber of the tube be of moderate size, the flow 
through it will be so free, and the supply will be so copious in pro- 


Portion to the discharge, that, if the water flowing through the pipe 


Suction Chamber 


Suction Chamber 


Fic. 28. 


Fics. 36 to 39.—Correct and incorrect arrangements of suction 
air chambers. 
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be pure, the siphon may act satisfactorily for a long period. If, on 
the contrary, the difference of level of the supply and discharge be 
quite small, and the caliber of the tube be large, the longer leg, if the 
discharge end be left free and unregulated by a valve, will be very 
apt to run out and render the siphon inoperative. It is scarcely 
necessary to add that any obstruction to inflow, such as the accumu- 
lation of silt in the supply end, or in any depressed portion of the 
tube, such as would form a trap wherein deposits of obstructive 
substances may collect, would produce asimilar result. Insuch cases, 
a siphon, when refilled, may act for a time; but it slowly becomes 
inoperative provided the discharge end is not submerged, because 
the longer leg more or less gradually empties itself. This may be 
guarded against by a strainer placed over the supply end, but in 
many cases, the floating impurities in the liquid to be siphoned are 
so fine, that any strainer sufficiently fine to intercept them might 
itself become a sufficient obstruction to render the siphon inoperative. 
Siphons which are to operate in water containing free or unab- 
sorbed gas, should have a supply tank of sufficient size to permit 
the gas to rise and escape at the surface and the pipe should draw 
from the bottom of the tank. Dissolved air, which is always present 
in water, has a tendency to separate under the reduced pressure 
in the bend. Under active action, it is commonly carried along 
with the water and does no harm but, if the action be stopped by 
closing one end only, the air will collect at the bend and eventually 
make the siphon inoperative. On the other hand, if both ends be 
stopped, the separation of the air is prevented. Hence it is clear 
that siphons which are to be used intermittently should be provided 
with means for stopping both ends when the action is suspended. 
The discharge of a siphon may be calculated from the formula: 


V=V/ 26(h' —h 


FIG. 42. FIG. 43. 


Fics. 41 to 43.—Operative and inoperative siphons. 
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TABLE 17.—PERCENTAGE OF THE TOTAL AMOUNT OF WATER SUPPLIED TO HyprRAuLIC RAMS WHICH IS DELIVERED 
to Various ELEVATIONS 


Elevation of discharge above delivery valve at ram 
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From the line for gallons per minute or hour trace to th 


in which V =velocity, ft. per sec., 


h=difference of level between bend and surface of the 
supply tank, ft., 
hk’ =difference of level between bend and surface of the 
receiving tank, ft., 


g=acceleration of gravity =32.2. 


100, to 300 Ft. Head 
e right to the line for the head 
the pump where read brake horse-power. 


Fic. 40.—Power and capacity of water pumps. 


and down to the line for the efficiency of 


The performance of hydraulic rams is subject to conditions which 
are usually unknown; for example, the adjustment of the delivery 
valve. Under these circumstances no universal figures for the per- 
formance can be given, but Table 17 (Amer. Engr., March 18, 1886) 
shows what may reasonably be expected. Should the delivery pipe 
be long, the friction head should be added to the static head. 


PIPE AND PIPE JOINTS 


TABLE 1.— DIMENSIONS OF COMMERCIAL DRAWN PIPE 
From the National Tube Co.’s Book of Standards 


Standard Extra Strong 
The permissible variation in weight is 5 per cent. above and 5 per cent. below. The permissible variation in weight is 5 per cent. above and 5 per cent. 
Taper of threads is } in. diameter per ft. length for all sizes. below. 
f cs 
F ‘ : es ; ; : 
Size, a = iS ~ aes External Internal REED lbs. 
ins q 3 g Z |g & 3 3 rc} a es 05 ) okt 095 I 
fe} ey} oe | © (eos 8 | Sel be! Se : 2 we gtk 
2 g =) a £&§ & 5 8 gE a8 é -540 -302 . 119 -535 
3 a) & S je 3! # g a z 3 .675 -423 .126 738 
a ae SAC Ay ees A a 840 546 147 1.087 
; .405| 260| .068 244 245| 27 562 ; 029 
3 -540| .364) .088 424 425i 78 685; 1 043 i 1.050 -742 154 1.473 
2 | 369 403) .0OT .567 568] 18 .848) 1% 070 I 1.315 -957 -179 2.171 
} .840| .622| 109 .850} .852| 14 1.024], 13 116 rt 1.660 1.278 191 2.9096 
1} I.900 1.500 .200 3.631 
i 1.050) 82 skis Piterso! b.3534! 24 1.281 1§ .209 
I 315) I.049| .133 | 1.678] 1.684] 11} 1.576| if +343 2 2.375 1.939 218 5.022 
r} 1.660} 1.380] .140 | 2.272] 2.281] x1} | r.950} 2} [535 2h 2.875 22623 .276 7.661 
1} I.900 1.610 EAS SPST) 2A Sr 11} 2.218| 23 743 Bs 3.500 2.900 .300 10.252 
3} 4.000 3.364 Re pit: 12.505 
2 2.5751 °2.067| 154 | 3.652] 3.678 Iz} | 2.766) 2€ 1.208 
24 2.875| 2.460 203 |. 5.703) 5.8r6 8 3.276) 23 I.720 4 4.500 3.826 sBehyi 14.983 
3 3.500) 3.068) .216 | 7.575] 7.616 8 3.948] 3% 2.498 44 5.000 4.290 355 bly io 
3} 4.000} 3.548 226 | 9.109} 9.202| 8 4.591] 3§ 4.241 5 5563) 4.813 a7 20.778 
| 6 6.625 5.761 -432 28.573 
4 4.500) 4.026! .237 |10.790 10 889) 8 5.001] 3§ 4.741 | 
43 5.000) 4.506) .247. |12.538|12.642 8 5.591| 3% 5.241 7 7.625 6.625 .500 38.048 
5 5.563] 5.047| .258 14.617|14 810 8 6.296} 4} 8.001 8 8.625 7.625 .500 43.388 
6.625| 6.065} .280 |18.974/19.185 8 7.358| 4+ 9.554 9 9.625 8.625 500 48.728 
| 10 10.750 9.750 | .500 54.735 
. 7.625| 7.023] .301 |23.544|23.769 8 8.358 $ |10.932 
8 8.625 8.071 277 |24.696) 25.000 8 9.358} 4% |13.905 II II.750 10.750 -500 | 60.075 
8 8.625) 7.981 322 |28.554/28.800 8 9.358) 4% |13.905 12 12.750 II.750 -500 65.415 
9 9.625) 8.941 342 |33.907/34.188 8 rO.368) S52 (17.236 13g) 14.000 13.000 .500 72.091 
| 14 15.000 14.000 .500 77.431 
10 \I0.750|10.192| .279 |31.201/32.000 8 11.721] $6 6|290.877 I5 16.000 15.000 | .500 Sonar 
10 |I0.750'10.136| .307 |34.240/35.000 8 tr.721| 6} [20.877 
10 |10.750/10.020) -365 |40.483) 41.132 8 |tr.72r) 64 29.877 Double Extra Strong 
LI |II.750/11.000) .375 |45.557|46.247 8 |x2.721| 6% |32.550 The permissible variation in weight is ro per cent. above and Io per cent. 
below. 
12 }I2.750,12.090| .330 |43.773|45.000 8 13.958 4 |43.008 : : = 
r2 12.75012.000| .375 |49.562 50.706] 8 |13.958| 63 |43.008 Size, Diameters, ins. Tos. | Re 
13 14.000/13.250) .375 |54.568 55.824] 8 |15.208) 63 (47.152 ins. External Internal ane ie Ibs 
14 I§.000 14.250) .375 |58.573/60.375 8 |16.446| 63 |59.493 ae | : 
4 .840 2252 204 a Gare me: 
15 116.000/15.250| .375 |62.579|64.500 8 |17.446| 6% [63.204 3 1.050 -434 -308 2.440 
= I 1.315 599 -358 3.659 
Bursting and Collapsing Strength of Pipe x? B.Gg uo0 #a82 SEs 
Extended experiments on the bursting strength of pipe for the c ae ae pace oe 
National Tube Co. by Pror. R. T. Stewart (Trans. A. S. M. E., at RLape nahin 552 | 13.695 
Vol. 34) led the professor to advise the use of Barlow’s formula for 3 3.500 | 2.300 600 . 18.583 
all ordinary calculations, with the proviso that the fiber stress be | 
obtained as explained below. Barlow’s formula is as follows: 3h oe 2.728 636 22.850 
P i 4 4.500 Senne 674 27.541 
44 5.000 3.580 710 32.530 
SE 5 5.563 4.063 -750 | 38.552 
pore 
6.625 4.897 . 864 53.160 
c .62 8 8 63.0 
in which S=fiber stress, lbs. per sq. in., ne ie Ae eee 
P=internal pressure, lbs. per sq. in., = 
R=inside radius of pipe, ins., Professor Stewart’s recommendation regarding the fiber stress is 
T =thickness of pipe wall, ins. that it be determined from the formulas: 


R 215 


TABLE 2.—BRITISH STANDARD Pipr THREADS 


Threads of standard Whitworth form and straight. The joint is 
made on the incomplete taper threads made by the die mouth. 


kaise a see | Gage diam- Number 
ten ° | a at eter top of | Depth of Core of 
sce ul SS thread, thread diameter threads 
BIE, PIPE, ins. per inch 
ins. ins. 
3 at 383 0230 B37 28 
+ 33 .518 0335 -ASI 19 
3 te 656 0335 589 19 
3 33 825 -0455 -734 14 
3 is 902 0455 .8Ir 14 
i I 76 1.041 0455 -950 14 
t I35 1.189 +0455 1.008 14 
I 13 I. 300 .0580 1.103 II 
1} iit 1.650 0580 1.534 Il 
1} 133 1.882 .0580 1.766 It 
1? 25 2.116 .0580 2.000 im § 
D 22 2.347 0580 PA. DS II 
2t 2§ 2.587 .0580 2.471 II 
2k 3 2.960 | -0580 2.844 oy 
2i 3th 3.210 | 0580 3.004 Il 
| 
3 3% 3.460 -0580 3-344 II 
3% 3% 3.700 .0580 3.584 II 
32 4 3.950 .0580 3.834 II 
32 4t 4.200 0580 4.084 II 
4 43 4.450 .0580 4.334 II 
43 5 4.950 .0580 4.834 II 
5 54 5.450 -0580 5.334 II 
5} 6 5.950 .0580 5.834 II 
6 64 6.450 0580 6.334 Ir 
7 7 7.450 .0640 7.322 10 
8 8} 8.450 0640 8.322 Io 
9 94 9.450 .0640 9.322 10 
10 to} 10.450 .0640 10.322 50) 
Il rrd II.450 .0800 11.290 8 
I2 | 12} I2.450 .0800 I2.290 8 
x2 132 13.680 0800 13.520 8 
I4 14? 14.680 .0800 14.520 8 
I5 2 15.680 0800 15.520 8 
16 162 16.680 .0800 16.520 8 
17 7% 17.680 .0800 I7.520 8 
18 18 18.680 .0800 18.520 8 
40,000 . 
S="—— for butt-welded steel pipe 
50,000 : . 
Se for lap-welded steel pipe 
60,000 
=—— for seamless steel tubes 
28,000 


a ae for wrought-iron pipe 


in which S = working or safe fiber stress, Ibs. per sq. in., 
m=factor of safety based on ultimate strength, 


Some of the results of Professor Stewart’s tests are given in Table 5. 

The strength of tubes against collapsing pressure formed the subject 
of exhaustive tests by Pror. R. T. Srewarr (Trans. A. S. M. E., 
Vol. 27). Over 500 tubes, provided by the National Tube Co., were 
tested, the diameters ranging between 3 and ro ins., outside, and of 
ail commercial thicknesses obtainable, the material being Bessemer 
steel, lap welded. The first result of the tests was to show that the 
collapsing pressure decreases as the length of the tube increases up 
to a length equal to about 6 diameters, beyond which there is no 
further material decrease in the collapsing pressure with increase of 
length. Beyond that length the collapsing pressure is given by the 
formulas: 
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TABLE 3.—LENGTH OF COMMERCIAL DRAWN Prpp ror 1 SOs 
OF SURFACE 


From the National Tube Co.’s Book of Standards 


F Standard weight at ee Double extra 
a pipe See One sD strong pipe 
y Length of Length of Length of 
u o pipe in ft. s pipe in ft. es pipe in ft. 
Size a NE per csdaa tia ota |e per sq. ft. of | 2 per sq. ft. of 
ins, a g 4 a 3 eit = 
pia) Be | esa | as) eee Ae 
3 2 HS Bos fu mS Boe ones oe 
OSH ow vo oO hw Oe 
~ SG pH eS peu ~~» py b 
lal al xD ¢ 3 wo a2 ed a 2 
[ea] Q ? ry fq 2 ns WD) gy # pant 
3 .405].068] 9.431 |14.109 |.095] 9.431/17.766 
4 540|.088} 7.073 |10.493 |.1190] 7.073/12.648 
3 O75 OOD 5 O5O Nae747 | LZO! 5505 SOnOsOllaees 
3 840|.109] 4.547 | 6.141 |.147] 4.547] 6.995].204 
i 1.050].113} 3.637 | 4.635 |.154] 3.637] 5.147|.308 
I I.315].133] 2.904 | 3.641 |.179| 2.904] 3.0091].358 
1} 1.660].140] 2.301 | 2.767 |.101| 2.301] 2.988].382 
14 I.900].145] 2.010 | 2.372 |.200] 2.010] 2.546|.400 
2 2.375|-154) 1.608 | 1.847 |.218] 1.608; 1.960].436 
2k 2.875|.203| 1.328 | 1.547 |.276] 1.328] 1.644|.552 
3 3.500}.216| I.091% | 1.245 |.300] 1.091] £.317|.600 
34 4.000|.226] .954 | 1.076 |.318 -954| I.135|.636 
4 4.500|.237| .848 -948 |.337| .848} .998).674 
43 5.000). 247 763 847 |.355| .763] .890].710 
5 5.563/.258 .686 ofisl Su lune wis 686 -793|.750 
6 6.625].280 157.0 -629 |.432 570 . 663]. 864 
7 TODS es OL 500 543 |.500 500 -576|.875 
8 8.625.277 442 -473 |.500 442 -500].875 
8 8.625) .322 422 AT Boon eral Rasettae tacit acer eae 
9 9.625|.342 396 -427 |.500 +396 Bee GR ie Be 
Io 102750) 7279) 355: 374A W500 eS 55 asOuleen 
10 10.750] .307 BOSS Fe WS Ny Semee te Irate ae | pa eo ees 
Io 10.750/.365 SAAS OG Ko WH, I Se nia ees ec or 
Ir I1.750).375 +325 +347 |.500 +325 -355).... 
I2 12.750|.330| .200 SSB KOO) Aol SSH a 
I2 I2.750).375 +299 GLO! | edarnt sal tean cases ay eee BRN 
13 I4.000].375| .272 7286) |) 500) 272 203) eaas 
I4 I15.000].375| .254 SIO SOLYM  AeAl allen coo kiawannc 
I5 16.000] .375 .238 250 |.500 SARE BAB All estes oil cay valine oe a 
ENS! 
P =50,210,000 d (a) 
t 
and P=86,670 7— 1386 (0) 


in which P =collapsing pressure, lbs. per sq. in., 
d=outside diameter, ins., 
t=thickness, ins. 


t, 
Formula (a) is to be used when the ratio as less than .o23 and formula 


(>) when this ratio exceeds that figure. 

The dimensions of Bessemer steel lap-welded tubes of a greater 
length than six diameters against collapsing pressure may also 
be determined from Fig. 1, by Prorrssor STEWART (Trans. 
A. S. M. E., Vol. 27). 

In order to condense the size of the chart, the curve is broken 
into two parts, XX and YY; YY being the upper portion of YX 
transferred to the left and then dropped down, the break in the curve 
corresponding to a collapsing pressure of 2080 Ibs. and a thickness 
divided by diameter of .o40. The scales for the portion XX are 
at the lower and right-hand margins, while those for the portion 
YY are at the upper and left-hand margins. 

The use of the chart is best shown by an example: Find the 
probable collapsing pressure of a tube having an external diameter 
equal to 6 ins, and a thickness of wall equal to .203 in. 


PIPE AND PIPE JOINTS 


TaBLe 4.—TeEst PRESSURE OF COMMERCIAL DRAWN PIPE 


¥rom the National Tube Co.’s Book of Standards 


Standard Extra Strong 


Weight per| Test pressure, 


Se. Sine Weight per| Test pressure, 
pee foot com- Ibs. ae foot plain} Ibs. 
Bae. plete, lbs. | Butt Lap | 2 ends, lbs. | Butt Lap 
4 245 RO On a Ware cet \| } aKa FOL Ih Bares eR 
t .425 iS \0 i ol Ve See ry AGRI) 700 
= 2568 ROO mation este : .738 7 OO leestcs avy sie 
3 852 BOOS olllzi nites. ak 3 1.087 POO Meokee ett. 
} 1.134 700 Nighy Nts 3 1.473 TOON Wor cmedca 5. 2 
I 1.684 FOO on strc | I Aan MOO Leona kis 
I; 2.281 700 | 1000 1} 2.906 EROOMircnee steta 
1+ 2.932 700 1000 14 3.631 1500 2500 
2 3.678 700 1000 || 2 5.022 1500 2500 
2$ 5.819 800 1900 2h 7.66 1500 2000 
3 7.616 800 1000 3 10,252 T1500 2000 
e 3% O02) ewes acs 1000 34 AEROS, i yalaveeesc 2000 
| 
4 EQ. 880.9 Maw cun To0o0Oo | 4 fe LAR OSS ii cei aet:: 2000 
4} 12.642" |. ..... 1000 || 43 DR OED ns 1800 
5 PA BIQ peices | ooo |} 5 BOT Omics 1800 
6 OES, llaxicase x | 1000 | 6 PS ere Oe Whee cust ara 1800 
7 pel Ao all fee Re at | 1000 || 7 BROAS || en ayn e 1500 
8 REGOO halos vac] 800 8 Ot RO Sima Nasisaiehert 1500 
8 AS SOG ilar one 1000 |} fe) AST AS Ae eee 1500 
9 RAR ERS. allie vo ores 900 || 10 RAGE aa earn eee rd 1200 
| 
10 | ar COG gil syle 600 | It GOWOTS" winiaecn ss I100 
pa) 35.000 |.....-. 800 | 12 O5aaS feces. I100 
Bae) | Pe XT |e oe 900 |} 13 aTOOR Wauceere ne I000 
EM BOCA iWererw nace 800 || 14 PPAR | Weavers auc | 1000 
12 | AS3G00: © [ce <a 600 | 15 Se Fei Ay beg | Vee are I000 
=a 50.706 |....... 800 | In addition to the above test, on 
13 55.824 |....... 799 sizes 4 in. to 1 in. inclusive, the 
| || pipe is jarred with a hammer 
14 60.375 |....-.. 1 sgARe while under pressure. 
> a i anid ea | Double Extra Strong 
| Wes Weight per| Test pressure, 
Size, Z line 
| Nee, foot plain : 
| | ends, lbs. | Butt Lap 
| | | 4 | 1.714 ROOM a AGE 
| | 3 | 2.440 HO OM Vee tevtena 6 
| I | 3.659 COU re: 
I} 5.214 2200 Te aaa a a 
|| 12 6.408 2200 | 3000 
a 23 9.029 2200 3000 
| at 13.605 2200 3000 
3 TSE OG Mince ere eas 3000 
34 22BGO lPeodisccrs 2500 
4 TBAT: | ler nact 2500 
44 Bde SO: allie ciara sas 2000 
| 5 tolplorsy Allee aon 2000 
| 6 BS TOIO eo evensiens 2000 
| | 7 OS50700lleneene: 2000 
| | as oF ie AC ANN beers eee } 2000 


Dividing the outside diameter by the thickness of wall we get 


‘ equal .0338. Since this value is less than .o4 we look for it 


on the scale at the lower margin of the chart and then trace upward 
until the line XX is reached; then trace to the right and read from 
the scale of probable collapsing pressures 1540 lbs. per sq. in. This 
is the probable collapsing pressure for a length of 20 ft., but is also 
substantially correct for any length greater than about six diameters, 
or 3 ft. for a 6-in. tube, between transverse joints tending to hold 
the tube to a circular form. 

A second chart by Professor Stewart, Fig. 2, shows the relation 
of the probable collapsing pressure to the plain-end weight, while 
the preceding chart shows its relation to the thickness of wall. 
This chart should be used in calculations relating to collapsing pres- 
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TABLE 5.—BursTING TrEst PRESSURES OF COMMERCIAL DRAWN 
Prer (From the National Tube Co.’s Book of Standards) 


The column marked ‘‘See note above”’ gives the number burst by failure of 
material not at weld. 

C—Clavarino conditions. 

B—Birnie conditions. 


8 ‘s of 2 Bursting pressures, | «| 8S 
o oRs| £ 4 | Ibs. persq. in. Hg ez So 
Paseo Dax Arnal eo 3 |3| BE 
Size © Dees ile ch iE q ) S| o| 28 Class of 
ea % resi a = = mney lesilieaes material 
ins Bin |) els oS a: a: 3 ole) 2a 8 
i ao a =I oO a OOF = | 
SPC Bal ismrod Were a > |S) S| 8ba 
Wie ee ele a ee aes TE OS er 
See eee aes en ees Poe Ores : 
( 4, 10 | .405,.066|11,840| 17,320\14,266|/C | 1| 44,011\Standard pipe 
z/ 10 540|.085] 8,830] 14,680|12,206/C | 1) 38,645 Standard pipe 
2) 10 675|.088] 5,850) 13,030/10,330/C | 1| 39,272|Standard pipc 
4] 10 . 840]. LOT} 11,380] 16,310}14,038/C | 0} 58,163\Standard pipe 
be #|/ 10 | 1.050}.109] 7,150] 9,150] 8,020/C | 0] 38,657|Standard pipe 
ro I | 10 | 1.315}.131] 4,500] 8,800] 6,990/C | 0| 35,085|Standard pipe 
ur If} 10 | 1£.660|.130] 4,400] 7,300] 5,808)C | 0| 34,603|/Standard pipe 
ki It} 15 | I.660].140] 5,500/1I,900] 7,700/C | 1| 45,215|Redrawn 
4 14) 10 | L.900].143] 3,000} 6,100] 4,960/C | 0} 33,031\/Standard pipe 
at 2 | If | 2.375|.149| 3,830] 6,060] 4,951/C | o| 40,485|Standard pipe 
g 234| 10 | 2.875].198] 4,310] 5,740] 5,134/C | 0| 37,351|/Standard pipe 
na 3 | I0 | 3.500].204] 4,650] 6,370] 5,398/C | 0) 46,234|Standard pipe 
I}! 10 | 1.660.180} 7,910\14,280,10,514|C | 0| 48,922|/Extra strong 
2 | 10 | 2.375}.213] 7,250} 8,940] 8,238!C | 0) 45,935|Extra strong 
2 | 10 | 2.375|.220| 6,160] 8,920] 7,661|\C | o| 41,347|Extra strong 
2 10 2.375|.445| 8,500|/18,314|14,992|C | 0] 40,023|XX strong 
| | General average | 41,686 
2 | 10 | 2.375|.155| 4,890] 7,940| 6,645/C | x| 50,962|/Standard pipe 
2 | 10 | 2.375].182] 4,860)10,060] 7,361|\C | 0| 47,889|/Standard pipe 
3 | IO | 3.500}.2r0} 3,830] 8,200} 6,368/C | 7| 53,560|Standard pipe 
= 4 | 10 | 4.500].232| 4,810] 5,680] 5,249/C | 1| 51,462|Standard pipe 
Ee 5 | 10 | §.563].258) 3,410] 5,260] 4,538/C | 1] 48,882|Standard pipe 
o 6 5 | 6.625].275] 2,450] 5,210] 4,088/C | 0} 49,286|Standard pipe 
g 6 5 | 6.625|.275] 3,170] 4,760] 3,666/B | o| 44,106|Standard pipe 
3 ae) 5 |10.750|.349] 3,560! 4,730] 4,290/C | 1/ 66,080/Standard pipe 
= 10 5 |10.750|.347] 2,770] 3,940) 3,396|B | 2) 52,692|Standard pipe 
2 2 | 10 | 2.375|.218] 2,500] 9,870] 7,909/C | 0] 43,254|Extra strong 
n 2 | 10 | 2.000].108] 5,100] 6,560} 6,062/C | 7| 55,607| Boiler tubes 
3 | 10 | 3.000}.112] 3,220] 4,860] 3,967|/C | 1! 52,957|Boiler tubes 
4 5 | 4.000].135| 3,640] 4,070] 3,840/C | 2) 56,978/Boiler tubes 
4 5 | 4.000].136| 3,720] 4,040| 3,014|B | 1] 57,440|Boiler tubes 
General average | 52,225 
g 2 | 10 | 2.000).008] 5,420] 6,590] 6,052/C |r0| 61,530|Boiler tubes 
8 rs 3 | 10 | 3.000].112! 3,940] 4,730] 4,272/C |10) 57,075) Bioler tubes 
8 4 6 | 4.000].134] 4,160] 4,440} 4,318)C | 6) 64,450|Boiler tubes 
37 | 4 4 | 4.000].134| 4,250] 4,440] 4,328|B | 4| 64,488] Boiler tubes 
nM : General average | 61,886 
iy Ij} 10 | 1.660/.136] 2,880} 6,290) 5,283 C | 3} 32,126|Standard pipe 
39 rt! 10 | 1.660!.136] 3,640] 5,680] 4,801/C | I) 20,817/Standard pipe 
eels} 2 | 10 | 2.375|.156| 2,930] 4,250] 3,687/C | 2] 28,o51/Standard pipe 
8 = 13] 10 | 1.660|.188] 2,770] 7,330] 5,895|/C | 1| 26,678/Extra strong 
Be | General average | 29,168 
ag ( 2] x10 | 2.375|.152| 2,400] 3,940] 3,213/C | 1 25,122|Standard pipe 
SS) vo) Io | 2.375|.207| 5,530] 7,120] 6,349/C | 8] 36,461/Extra strong 
do General average | 30,792 
cial 


sure when the plain-end weight is either given or required, while 
the preceding chart should be used when the thickness of wall is 
given or required. 
Example—Find the probable collapsing pressure of a 63 
(7 O. D.) in. casing whose plain-end weight is 17 lbs. per ft. 
Dividing the plain-end weight in lbs. per ft. by the square of the 


AP: w See : 
outside diameter in in., we get ae equal .347. Finding this value 


on the scale at the lower margin of Fig. 2 we trace vertically until 
the line XX is reached, then horizontally toward the right and read 
1525 lbs. per sq. in. as the probable collapsing pressure required. 

While this value is for a 20-ft. length of tube, as in the preceding 
chart, it may be used without substantial error for any length greater 
than about six diameters, or in this case 3} ft., between joints 
tending to hold the tube to a circular form. 
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Thickness Outside Diameter 
Fic. 1.—Plotted in terms of thickness. 


Scale for Y 
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Seale for Y 


Plain End Weight — Diameter a 
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g 1500 
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Plain End Weight Diameter * 


Fic. 2.—Plotted in terms of weight. 


Fics. 1 and 2.—The strength of Bessemer steel tubes against collapsing pressure. 


Professor Stewart’s paper contains the following observations: 
The apparent fiber stress under which the different tubes failed varied 
from about 7000 lbs. for the relatively thinnest to 35,000 lbs. per sq. 
in. for the relatively thickest walls. Since the average yield point 
of the material was 37,000 and the tensile strength 58,000 lbs. per sq. 
in., it would appear that the strength of a tube subjected to a fluid 
collapsing pressure is not dependent alone upon either the elastic 
limit or ultimate strength of the material constituting it. 

The experiments show that the element of greatest weakness in 
a commercial lap-welded tube is its departure from roundness, even 
when this departure is comparatively small, as was the case with 
the tubes tested. The thinnest portion of wall, while in itself an 
element of weakness, is wholly subordinate to out-of-roundness in 
its influence upon the collapsing strength of commercial lap-welded 
tubes. 

The weld is not an element of weakness for tubes subjected to 
external fluid pressure. 

The factor of safety, he concludes, should be determined from the 
following considerations: 

For the most favorable practical conditions, namely, when the 
tube is subjected only to stress due to fluid pressure and only the 
most trivial loss could result from its failure, a factor of safety of 
three would appear sufficient. 

When only a moderate amount of loss could result from failure 
use a factor of four. 

When considerable damage to property and loss of life might re- 
sult from a failure of the tube, then use a factor of safety of six. 

When the conditions of service are such as to cause the tube to 


become less capable of resisting collapsing pressure, such as the thin- 
ning of wall due to corrosion, the weakening of the material due to 
over-heating, the creating of internal stress in the wall of the 
tube due to unequal heating, vibration, etc., the above factors of 
safety should be increased in proportion to the severity of these 
actions. 

Additional experiments on the strength of tubes against collapsing 
pressure were made by Prors. A. P. CARMAN and M. L. Carr 
(University of Illinois Bulletin, 1906). These experiments relate 
more especially to drawn brass and to cold-drawn seamless steel 
tubes. They confirm Professor Stewart’s conclusion that the in- 
fluence of the length on the strength ceases at about 6 diameters. 

The dimensions of drawn brass and of cold-drawn seamless steel 
tubes of a greater length than 6 diameters against collapsing pres- 
sure may be determined from Figs. 3 and 4, which are from the 
published record of these experiments. The charts are to be used 
in the same manner as Professor Stewart’s charts for lap-welded 
Bessemer steel tubes. 

The bursting strength of cast-iron elbows and tees formed the subject 
of a series of tests at the Case School of Applied Science by S. M. 
CHANDLER (Amer. Mach., March 8, 1906) and the results are given in 
Table 6. Three samples of each size were tested and the individual 
and average results are given. 


Equation of Pipes 


For the equation of pipes, that is, finding the number of small pipes 
having the same frictional resistance as one large one, the most 
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Fic. 3.—The strength of drawn brass tubes against collapsing pressure. 


TABLE 6.— BURSTING STRENGTH IN LBs. PER Sa. IN. oF STANDARD 
SCREWED GRAY IRON ELBOWS AND TEES 


Size Elbows Faeagel |e Tees ee 
age || age 
23 | 3500 | 3200 | 3400 | 3400 \| «4 3400 | 3300 | 3300 | 3333 
3 2400 | 2600 | 2100 | 2500 | I} | 3400 | 3200 | 2800 |} 3300 
3} | 2100 | 1700 | 2400 | 2250 | 2 2500 | 2800 | 2500 2600 
4 | 2800 | 2500 | 2500 | 2600 24 2400 | 2100 | 2500 | 2450 
43 | 2000 | 2600 | 2600 | 2600 || = 1400 | 1900 | 1800 1850 
5 2600 | 2500 | 2500 | 2533 | 34 1200 | 1500 | 1800 | 1650 
6 | 2600 | 2209 | 2300 | 2367 4 1800 | 2100 | 1700 | 1867 
4 | 1800 | 2100 | 1900 | 1950 44 II0O | 1400 | 1400 | 1400 
8 | 1700 | 1600 | 1700 | 1667 |] °5 1700 | 1300 | 1500 | 1600 
9 | 1800 1800 I900 1833 | 6 1400 I500 I100 1450 
| 
10 1800 | 1700 | 1600 | 1700 7 1400 | 1400 | 1500 | 1433 
12 | II00 | 1200 900 | II50 || 8 I200 | 1400 | 1390 | 1350 
9 1300 | 1400 | 1200 | 1300 
| | 10 II0o | 1300 | 1200 | 1200 
|| 12 II00 | 1000 | I100 | 1067 


accurate formula, according to Pror. G. F. GrBHarpT (Power, 
June, 1907) is: 


d3\/d, + 3 6 
n= ae 
di3\/d + 3.6 


in which d=diameter of larger pipe, 


d,=diameter of smaller pipe, 


n=number of small pipes equivalent to one large one. 


Table 7 has been calculated from this formula. The table gives 
the equation of standard drawn pipes, and of pipes of which the 
nominal and actual diameters are the same. Instructions for use 
are given above the table. 
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Fic. 4.—The strength of cold drawn steel tubes against collapsing 
pressure. 


The equation of extra strong and double extra strong pipes is given 
in Tables 8 and 9 by H. D. Nitchie, an engineer of the Watson Still- 
man Company (Power, Aug. 3, 1909). Instructions for use are given 
above the tables. 


Cast-iron and Riveted Pipe 


The thickness of cast-iron pipe, in the smaller diameters, is de- 
termined chiefly by the foundry consideration of the least thick- 
ness which it is desirable to cast. A critical examination of existing 
formulas and prevailing practice was made by P. H. Baerman in a 
paper read before the Engineers’ Club of Philadelphiain 1882. The 
resulting formula for the least thickness was: 


Thickness, ins. =.3 in.+.o15 X diameter, ins. 
For water pipe this gives an excess of strength for heads up to 


300 ft. and diameters up to 10 ins. For cases beyond those condi- 
tions Mr. Baerman gives the formula: 


Thickness, ins. =.ooo15 X head, ft. X diameter, ins. 


The ultimate strength of cast-iron is taken at 18,000 Ibs. per sq in. 
and the factor of safety at 123. For any given case the thickness 
should be calculated from both formulas and the greatest resulting 
thickness be used. 

The dimensions of the American Water Works Association standard 
cast-iron pipe are given in Tables 10 and 11, of the Abendroth and 
Root spiral rivited pipe in Table 12, of Abendroth and Root flanged 
fittings in Table 13 and of the Pelton Water Wheel Co.’s riveted 
hydraulic pipe in Table 18. 


Standard Flanged Fittings 


The dimensions of flanged pipe fittings, according io the 1912 joint 
standard of the National Association of Steam and Hot Water 
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TABLE 7.—THE EQUATION OR EQUALIZATION OF PIPES 


Follow the line for one size of pipe to the column for the other; 


lent to one large one. Use the upper right-hand portion of the table 
which the nominal and actual diameters are the same. 


the figures at the intersection give the number of small pipes equiva: 
for standard drawn pipe and the lower left-hand portion for pipe o! 


Standard Drawn Pipes 


mane d ron ia city ie 24 3 4 5 6 7 8 9 10 II 12 13 me |S TOs ty Dia. 
oe a ADF 4.88 |x5.8 lar.7 52.9 |96.9 |205 l377 |620 lor8 1,292! 1,767) 2,488] 3,014} 3,786] 4,904 5,927| 7,321| 8,535| 9;717 2 
3 2.60 | 2 ROS) | O07 MANO 123.3 942.5. OOnA Nn IOO 273 |405 560} 779) 1,096] 1,328] 1,668) 2,161] 2,615) 3,226) 3,761] 4,282 t 
I j55 ai 52. OO | 3.45 | 6.82 Ln.4 20.9 44.0 (SEE HESS jnos 278} 380) 536} 640] 815] 1,070] 1,263] 1,576] 1,837] 2,092] I 
I} BAZ NEO 5303 a20 | W126) Ses 4 On LGulusOn m2eno. MISO aug OEE (Sueo a TD ek 57, T90| 230! 310! 375! 463} 530] 614] IF 
2 54.8 |2r.0 7225 ||| 2.26 L207 3200) OnA7! |x AO TON IZO,ONlAOnsy ISS. SarronS lO sier YEO! 155) ¥87| 238%) 260) s3071 2 
23 102|39.4 |13.6 fs PHAN | Ha eg iets) || Geese | peer ances \ereiile Nr MN eee ra |47-0 |56.9 |71.5 |92.6 Tr2|" 138) ror) sae 
3 17065.4 22.6 Th eKORY |! Stevie 1.66 ZBAT2 ee nGOl Ons 6 9.48/13.3 20.9 |23.7 3.2 130-0 150.60 /OL. TITS Sono 100; 3 
4 376 TAAVAO. 8 TS 5 O737 |S. 07 | Soler 1.84 | 3.02] 4.48] 6.30] 8.61/12.1r |14.7 |£8.5 |23.9 128.9 135.7 |4r.6 |47.4 4 
5 686 263}90.9 |28.3 |12.5 OR TOM PAnOSa EROS 1.65] 2.44] 3.43] 4.60] 6.60] 8.00|/10.0 {13.0 |15.7 |19.4 |22.6 |25.8 5 
6 1,116 429 148/46.0 |20.4 |10.9 OnSOuleZ 207 ih es0S 1.48] 2.09] 2.85] 4.02] 4.86) 6.11] 7.91] 9.56/11.8 |13.8 |15.6 6 
7 71017 656 226/70.5 |31.2 |16.6 |r10.0 Ae SAW 25 AO) eee 5G I.41| 2.93] 2.71) 3-28) 4.12) 5.34) 6-451 7.07) 0, 3112070 7 
8 2,435 936 322 LOU/4AL 5 s238 |r43 OeAS We sesAn|eeer sinters T2335) 1.031.233) 2002) 3.-7OlA S757 LOnOOl ect mmne 
9 3,335] 1,281 440 137|60.8 Bens TOS SxS5ail) Ax5: e2- OSs LaOsien 377 GeAt| Da7k) 220A 277 S254 4 Aa Set SOMO 
10 4,393} 1,688 582 18I/80.4 |42.9 |25.8 |11.7 6240) || 3.03) 2257) Lasol nse E.21| 1252| 2.07) 2238) 2. 04s 43) SeOmmLo 
Il 5,042) 2,168} TAT 233 FOB (55 eu SS J 15.0 Sn22 5205) G.S0) easel Te 7olre2s 1.26] 1.63] 1.88 243) 2..83\ saci 
12 7,087| 2,723 938 293 129 69.2 41.6 |18.8 |r10.3 6.34] 4.15| 2.91] 2.13) 1.61) ©£.26 1.30] 1.57] 1.93] 2.26] 2.58] 12 
13 8,657} 3,326] 1,146 358 F§Si84.5 |so.7 (25.0 “11206 Veit S| SOF! Sa 5O0|e 22 OO Osi ka ham ieee, I.21|] 1.490) 1.74] £.98N0%s 
14 10,600] 4,070] 1,403 438 193 163/62.2° |28:.2 |Es5.4 9.48] ©.21| 4.35) 3.18] 2.47) ©.88] 1-50 1.22) 1.24) 1.44] 1.64] 14 
15 12,824] 4,927] 1,608 530 234 L255 oS) USAeek 18.7 LG ese | Cn yell Sih POA Proll Be a ire 1.48) LeoT ESD71) Lash ks 
16 14,978] 5,758} 1,984 619 274 146/88.0 |39.9 |21.8 {13.4 | 8.78] 6.15] 4.51] 3.41] 2.66] 2.12] 1.73) 1.42] 1.18 I,.14| 16 
17 17,537| 6,738] 2,322 724 320 7 103/40.6 125.6 "507 |£0.3 | 7-20) 5.27) 3.00] 3. 1x} 2.47) 2.03) 4 O6l 2 a7 eu, 

18 20,327} 7,810) 2,691 840 371 198 I19/54.I |29.6 {18.2 |I1.9 | 8.35] 6.11] 4.63] 3.60) 2.87] 2.35] 1.92] £.50| 1.36! 1.16 

20 26,676| 10,249] 3,532] 1,102 487 260 I57|70.9 |38.9 23.9 |15.6 |10.9 | 8.02] 6.07] 4.73) 3.76] 3.08] 2.52] 2.08 Ma yhely 2S 

24 42,624| 16,376] 5,644] 1,761 778 416] 25C I13]62.1 |38.2 |25.0 |17.5 |12.8 | 9.70] 7.55] 6.01] 4.92] 4.02 3.32] 2.841°2.4. 

30 75,453} 28,990] 9,990] 3,117] 1,378 736 443 201 110/67.6 44.2 131.0 |22.7 |17.2 |13.4 |10.7 | 8.72] 7.14] 5.88] 5.03 4.30 

36 120,100] 46,143] 15,902} 4,961] 2,193] 1,172 705 319 175] 108/70.4 |49.3 |36.1 |27.3 |21.3 |16.9 |13.9 |I1.3 | 9.37] 8.01] 6.85 

42 177,724| 68,282] 23,531| 7,341} 3,245] 1,734] 3,044 473 259] 159] 104/73.0 |53.4 [40.5 |31.5 |25.1 |20.5 |16.8 |13.0 |1z.9 |r0.1 

48 249,351} 95,818] 33,020] 10,301] 4,554] 2,434] 1,465 663 363] 223] 146] 102/75.0 wes 44.2 135.2 |28.8 |23.5 |19.4 |16:6 |14.2 

| | | 
Dia + 3 I | 14 2 2k 3 4 5 6 a 8 9 Io Tt 1D 13 I4 I5 16 17 


Actual Internal Diameters 


Fitters and the American Society of Mechanical Engineers, are 
given in Tables 15 and 16 to which the following explanatory notes 
apply: 

Standard or extra heavy reducing elbows carry same dimensions 
center to face as regular elbows of largest straight size. 

Standard or extra heavy tees, crosses and laterals, reducing on 
run, carry same dimensions face to face as largest straight size. 

If flanged fittings for lower working pressures than 125 lbs. are 
made, they shall conform in all dimensions, except thickness of shell, 
to this standard, and shall have the guaranteed working pressure 
cast on each fitting. Flanges for these fittings must be standard 
dimensions. 

Where long-turn fittings are specified, it has reference only to 
elbows, which are made in two center to face dimensions, to be 
known as “elbows” and “longturn” elbows, the latter being used 
only when so specified. 

All standard weight fittings must be guaranteed for 125 lbs. and 
extra heavy fittings for 250 Ibs. working pressure, and each fitting 
must have some mark cast on it indicating the maker and guaranteed 
working steam pressure. 

All extra heavy fittings and flanges to have a raised surface 
high inside of bolt holes for gasket. 

Standard weight fittings and flanges to be plain faced. 

Bolts to be § in. smaller in diameter than bolt holes. 

Bolt holes should straddle center lines. 

Size of all fittings scheduled indicates inside diameter of ports, 
For outside diameter pipe use corresponding size of inside diameter 
fittings. 


pe ie 


te ay. 


The face to face dimension of a reducer, either straight or eccen- 
tric, shall be equal to the diameter of the large flange. 

Square-head bolts with hexagonal nuts are recommended. 

Twin ells, double branch ells, side outlet ells, side outlet tees and 
four-way tees, whether straight sizes or reducing, carry same dimen- 
sions center to face and face to face as regular ells and tees. 

Bull-head tees or tees increasing on outlet will have same center 
to face and face to face dimensions as a straight fitting of the size 
of the outlet. 

Up to and including the 4-ins. size, center to face and face to face 
dimensions of reducing fittings will be the same as that of a straight 
fitting of the larger opening. (See table for reducing fittings larger 
than 4 ins.) 

Steel flanges, fittings and valves are recommended for superheated 
steam. 

In connection with the report of the standardization committee, 
the accompanying chart, Fig. 5, showing the stresses in the bolts at 
the base of the thread due to a pressure in the pipe of 250 lbs. per 
square inch appears. The chart shows the extent to which these 
stresses increase with the sizes of the pipe in the manufacturers’ 
standard, and the dotted line shows the departure made from the 
latter in order to keep the stresses down to a safe limit.. 


Pipe Joints 


The common gasket joint is a constant source of trouble and a poor 
thing at best. When used, its security will be greatly increased if 
the gasket does not extend beyond the bolts. Still greater security 
may be obtained by facing the flanges slightly concave, with which 
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construction the gasket must be entirely TABLE 8.—THE EQUATION OF EQUALIZATION OF ExTRA STRONG Pipe 
within the bolts. The types of joint 
shown below apply to most conditions 
and should be used in preference to the 


Follow the line for one size to the column for the other and at the intersection find the 
number of the smaller pipes equivalent to one of the larger 


common construction. Pipe | 2 * 4 2 I 1} ri 2 23 3 33 4 43 5 6 | Pipe 
Professor Sweet's joint for the cylinder size | in. | in. | in. | in. | in. ins. | ins. ins. ins. | ins. _ins. | ins. | ins ins ins. | size_ 
; : Int. 
covers of steam engines is shown in the area |’ 008} -139| .231| .452] .71 ]1.271|1.753|/2.935/4.209|6.569/8.856|11.45/14.18]18.193|25.97 ae 
section on steam engines (See Cylinder ~~) — ~|—— - - 
Cover Joints). It is also been a ted se ioe 
ee? i 12) t ED 2,05 ) Sea 6.7 | Dora) 18.8 8543) 62, (96.5 1130. |168.5) 208 2O7m Ns oz 9 
by the Ball Engine Co. with entire success. 3 Hf Hpac eae [nse |e 6 j21.1 |30.3 |47.3 |63.8 |82.5 |102. | 132. |186 3 
The joint is metal to metal and with- 2 I |1.96 13.08 GO t2a7eLenen|2eo4sS.4uliavis NOs. 78.8 ire 3 
: . . . 3. < 
out grinding, the surfaces being ordinary e TPE fab) BOs) Ors Osea ita, 55/06 ies eos 2) 5 a t 
| I PD 2 ai 9.2 I2. BOE 20 2 I 
tooled surfaces. The only, and a neces- | se La hed at Z sae ae 
sary, precaution is to make the joint 1 Leics aes isien lise nono oGMl GuAul nnameliramaniconal ti 
narrow—not over } in. wide. 13 I |t.67 | 2.4 |3.74 |5.05 |6.54 | 8.1 | 10.4 j14.8 | 14 
The narrow metal to metal joint is of | | \ owe la elle co Seen ote & so baa Steen 
i . 23 | | I Cas PLease Wort feet 2) 4.31 15 2h 
c oY | | | 
also - i Coen for high pressure a ee | | i lneey [ie Nes Oa eee | 
air as will be shown later. | 
The Rapieff joint used with invariable 33 Tay 2 ON eON 2 OS al 2020 muar 
success for the numerous joints of the a Bs ape ie g A a 
a a . : . | | I Ta: BURRIS} Ay 
Zalinski dynamite gun and its air plant, = | | Pee 
where it regularly withstood pressures of 6 | | | I | 6 
2000 lbs. per sq. in., is shown in Figs. 6-14. |b in. $ in. | } in. | $ in. | x in. |1} ins|r4 ins|2 ins. |24 ins|3 ins.|3} ins| 4 ins.|4} ins| 5 ins. | 6 in. | 
It is thus described by B. C. BATCHELLER, 
Chf. Engr. Amer. Pneumatic Service 
Co. (Amer. Mach., Apr. 23,1908). Just in- 
side the bolt circle a SECONG of peculiar TABLE 9.—TuHE EQUATION OR EQUALIZATION OF DouBLE ExtTrRA STRONG PIPE 
shape, abc Fig. 6, is turned in the face 
- . . . i 3 i 3 L a 1 a 1 iM 
of each flange into which a ring of round BIDE jac ea ee a sc esa ie ae rete ee ee TN 
A . size | in. In, In. In. ins. ins. ins. Ins. ins. ins. ins. ins. ins. ins. size 
rubber cord is laid and the flanges are cel cS ae == i 
bolted up metal to metal. The com- area O42] -O47| 139] .271] .615) .93 |1.744)2.419/4.097/5.794/7.724) 10 |12.96/18.66) |” 
are: | 
bined cross-sectional area of the grooves "Taas l | ie 
is made slightly less than the sectional 3 I .12 13.32 |6.45 14.6 |22.1 41.5 157.5 195.6 | 137 | 184 | 236] 408 | 444 g 
area of the rubber cord, resulting in com- 4 | | I |2.96 |5.77 {13.1 |19.7 |37.2 |51.5 | 87 | 123 | 164 | 213 | 276 | 398 | 3 
pression of the rubber, the surplus flowing an EWS O5 eae AS| OFT RRGE EGA. 20a AB OTS Sas A ees eats 
: : F , I | I 2.27) 3.42) 6.45) 8.95/15. |21.4 |28.5 137 47.9 69 i 
into the narrow space d, which is about | 1 | 1.51] 2.84] 3.04| 6.65] 9.4 |12.5 {16.3 |2z.1 |30.4 | 1b 
zs in. wide, and opens into the interior 1} | 
of the pipe. 1} | eee 1.88] 2.6 A Ge2hl S235 Lon8 54: 20 1% 
. . | I I 2. ie 3 2 Pay iv . Io. 2 
The fluid pressure acts against the e | | | BO SAS O tae eas lee ee ok 
: : 2k | I Toa) Proetell RinNel) Vinee || GS Gaye] Be 
rubber, tending to force it outward and, 5 | Z 1.41} 1.88] 2.44] 3.16] 4.55] 3 
putting the entire ring of rubber under | | | I 1.33] 1.73} 2.24] 3.22] 3% 
static pressure, seals the joint atc. Thus 33 | | | 
: = 3 4 | | I Tas ee | 2A: 
the higher the pressure the tighter is the ie | | | Fo a le eb lead 
joint. 5 | | ee I.44| 5 
The rubber gasket ring is shown in 6 | | | | I 6 
Fig. 7. It is made from rubber cord —_ [Eat ace Re OS Ee fo WA ills Ee eS 
| 2 in.| # in.| $in.| x in. |14 ins|14 ins|2 ins.|2} ins 3 ins. |3} ins 4 ins. 4% ins|5 ins.]6 ins 


that can be bought by the yard and al “| 3 im} 4 in. 12 


TABLE 10.—AMERICAN WATER WorkKS ASSOCIATION STANDARD CAST-IRON PIPE FOR Fire LINES AND OTHER HIGH-PRESSURE SERVICE 
Adopted May 12, 19038 


The weights are per length to lay 12 ft., including standard sockets; proportionate allowance to be made for any variation. 


RMosuinal Class E, 500-ft. head, | Class F, 600-ft. head, || Class G, 700-ft. head, Class H, 800-ft.-head, NonGnat 
ia ate 217 lbs. pressure 260 lbs. pressure 340 lbs. pressure 347 lbs. pressure ancide 
: \| rae) | ae | aoe . : 
diameter, | Thickness, Weight per | Thickness,| - Weight per Thickness,|__W eight per || Thickness,|_ Weight per diameter, 
ins. | ins. | Foot | Length ins. | Foot Length || ins. | Foot | Length || ins. Foot Length || ins. 
6 BSSe) i CALGw 500 || som, Ti) Zire 520 65 47.1 565 69 49.6 595 6 
8 .66 61.7 740 me | 65.7 790 as 70.8 850 . 80 75.0 900 8 
10 | 74 | 86.3 1035 .80 | 92.1 I105 | . 86 100.9 1210 ; .92 106.7 1280 10 
Ez is . 82  hr03..8 1365 «|| . 89 | 422.1 1465 97 135.4 1625 || 1.04 143.8 1725 || 12 
| | | || | 
i] | 
14 | .90 145.0 1740 | 99 157-5) | 1890 1.07 174.2 2090 | rr. 26 186.7 2240 14 
16 .98 179.6 | 2155 1] 1.08 195.4 2345 1.18 ZTOn2 2620 | t. 27 232.5 2790 || 16 
18 E07; | 220.4 2045 A 9 | *238..4 2860 1 SPAS) 267>.1 3205 1.39 286.7 3440 18 
20 rar 2630: 3x55) = |} Di o7 | 286.3 3435 Ti3o 320.8 3850 Deo 344.6 4135 20 
} }| 
i | | | 
24 | Tes | 359.6 4315 I.45 392.9 Aer Ras We ter ah sara ed bocce eee afe ene e ens Goo oc cc 24 
30 t.55 iy ea ee 6260 || 1.73 585.4 Cos tamed | Peep Pri arnt 3 Wcteg Avi amex sallloree es. wala Jott eee freee eee lene eee | 30 
36 || 1.80 725.0 8700 || 2.02 820.0 | 9840 vee seng te cdenese tee |ece eee: [eves reese eles eee ee eee 36 
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TABLE 11.—AMERICAN WATER WoRKS ASSOCIATION STANDARD CAST-IRON PIPE 
Adopted May 12, 1908 


The weights are per length to lay 12 ft., including standard sockets; proportionate allowance to be made for any variation. 


Nomunat : Class A, r00-ft. head, [ Class B, 200-ft. head, Class C, 300-ft. head, | Class D, 400-ft. head, Nominal 
inside | 43 lbs. pressure 86 lbs. pressure 130 lbs. pressure 173 lbs. pressure inside 
diameter, || Thickness, Weight per || Thickness, Weight per || Thickness, Weight per Thickness, Weight per diameter, 
: as ll ins. | Foot -| Length ins. Foot Length ins. Foot | Length ins. Foot Length pIMSS 
4 -42 20.0 240 -45 ile] 260 48 BAG 280 As 25.0 300 4 
6 144 30.8 370 | .48 BSAC 400 ait 35.8 430 55 38.3 460 6 
8 | .46 42.9 Fansye | sii 47.5 570 .56 52. i 625 .60 55.8 670 8 
10 50 yeu 685 57 63.8 765 | 62 70.8 850 | 68 76.7 920 10 
| 

12 -54 Ws 870 || .62 82.1 985 .68 OL.7 I,100 7s 100.0 I,200 1h) 
14 yh 80.6 1,075 || . 66 HOD Ee KOE || 74 DOW, 1,400 | .82 1290.2 1,550 14 
16 | .60 108.3 I,300 || .70 125.0 I,500 .80 143.8 L725: | - 89 158.3 1,900 16 
18 | 64 | 129.2 | 1,556 || 75 150.0 | 1,800 | 87 175.0 | 2,100 | 96 191.7 | 2,300 18 
20 | .67 || £505.0 1,800 | .80 L750: )  2:r00 92 208.3 2,500 | I.03 229:.,2 2,750 20 

\] | | { 

| | i} 

| | | 
24 | ~76 lezO4e 2 2,450 | . 89 | 233.3 | 2,800 1.04 279.2 3,350 LATO 306.7 3,680 24 
30 | .88 201.7 3,500 I.03 1 333m3 4,000 I-20 400.0 4,800 1 al 450.0 5,400 30 
36 {| -99 391.7 4,700 || Tee 454.2 5,450 130) 545.8 6,550 Te 58 625.0 7,500 36 
42 | Te eKOS | 512.5 6,150 | 1.28 591.7 7,100 1.54 710.0, 8,600 1.78 825.0 9,900 42 
48 | 1.26 666.7 | 8,000 | Le42 750.0 9,000 Me 7aL 908.3 | 10,900 1.96 1050.0 | 12,600 48 

| | 

54 | L435 | 800.0) 9,600 i| Tee 5 933.3 | 11,200 I.90 It41.7 | 13,700 2a 1341.7 | 16,100 54 
60 | 1.39 916.7 | I1,000 | 1.67 II04.2 | 13,250 2.00 1341.7 | 16,100 2.38 1583.3 | 19,000 60 
72 TL. 62 1283.4 | 15,400 1.95 1545.8 | 18,550 2.39 DOOA C2 NZS SiG Omnia sina eetecae ten eet ene eral eee ae 72 
84 D2, 1633.4 | 19,600 | 2.22 ZEQANZ AN SZ S25 O.. alll ixecraren eae. ce toned le toveuetcr e oass epee: sete el | eee ane lS eee 84 


TABLE 12.—DIMENSIONS, STRENGTH AND WrIcHT OF ABENDROTH & Roor Biack.SprraAL RiveteD Pire 


Approximate ; With A.& R.| With Root i 3 i . i 
Diam: | Thick ; Plain end A i eae F ; a Plain end Ne oa pee 
iam ickness,| bursting tise anges, bolts| bolted joint Diam- | Thickness,| bursting ine flanges, bolts | bolted joint 
ter, B. W. pressure, and gaskets complete ter, B. W. pressure, . ‘er and gaskets complete 
ins. gage Ibs. per sq.| Weight per | Weight per | Weight per ins. gage Ibs. per sq. | Weight per | Weight per Weight per 
in, |__r00 ft. 100 ft. 100 ft. in. | __xoo ft. 100 ft. roo ft. 
3 22 1060 | IIs | 139 53 13 16 570 1106 1274 1346 
20 1325 147 171 185 i 14 j 730 1420 1588 1660 
18 1860 205 229 243 12 950 1866 2034 2106 
| a) 1165 2294 2462 2534 
4 20 1000 | 195 227 247 
18 1390 } 273 305 325 14 16 530 1199 1399 1465 
16 1845 | 360 392 412 I4 675 1539 1739 1805 
| 12 890 2022 2222 2288 
5 20 795 242 282 304 10 1090 2486 2686 Page 
18 II00 | 340 380 402 
16 
| 1480 | 448 488 510 I5 I4 630 1649 1880 1973 
12 825 2167 2407 2491 
6 18 | 930 385 433 475 | 10 IOIS 2064 2904 2988 
16 1220 508 | 556 598 
ae ae 653 | 7OL 743 16 14 590 | 1771 2051 | 2149 
| 858 | 906 948 12 770 2327 2607 2705 
| | 10 950 2861 I41 2 
7 18 | 790 | 446 | 510 540 as i 
ie | 1060 | 588 } 652 682 18 14 525 1974 2334 2394 
a ee | pee | 819 | 849 12 690 2593 2953 3013 
| 992 | 1056 | 1086 me) 850 3188 3548 3608 
8 = 690 | 507 | 587 604 20 14 470 2180 2556 | 2608 
I 945 669 | 749 766 12 ‘620 2863 3239 3201 
14 1180 860 940 957 10 760 3521 3897 3949 
12 I540 1130 | 1210 1227 
| 
22 14 430 2390 2830 2830 
9 16 820 753 873 863 12 565 3140 8 : 
14 \ 1040 6 eo oe 
9607 1087 1077 10 605 3860 00 00 
I2 1380 T2772 13901 1381 ‘es >. 
E 24 14 395 2604 108 08 
Io 16 740 835 963 1025 ie) : 5 ae 
= se 515 3421 3925 | 390I 
| TOT | II99 I261 sae) 635 4216 4720 696 
I2 1024 1408 | 1536 1598 | : ‘- 
| \ 
| | | 26 1 475 58 
II 16 670 | 916 1060 1122 10 580 oe — ao 
14 | 860 1176 | 1320 1382 o | ee | Ae 
12 I120 | 1546 I 
| 4 | 690 1752 28 12 440 3894 5274 4478 
| 10 
12 16 | 615 | 1003 1163 1215 | = ane ae pea 
I4 | 790 1287 I 
12 1025 | 1692 | ey a 2 ee ee ou a tie: 
ms | ee | at ae | tae 10 SIO 5063 6479 5703 
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Regular 90° Elbow Regular 45°Elbow TABLE 13.—CENTER TO FACE MEASUREMENTS OF ABENDROTH & 
Roor FLANGED FIrrincs 


Spaces Filled from Center to Face 
Dimensions in inches 


H ° 
ee 90° elbows, 45° ceteris | Retura 
iameter, tees and agers | ends 
ins. crosses = Sees) Le 
D A A A B Gy ea B 
J a Ne 3 34 2% 9 2% 9 33 aa 
Regular Tco 4 4t 216 II aq | Ir 43 8% 
5 5t 34 12 3 12 ry 10} 
6 6} 3§ 134 3t 13% | 6t 123 
7 7% 4 15 4t S| fies 14% 
| | 
| | 
8 8t 4t6 17 5 r7 4 8} 164 
9 o8 516 183 54 183 9% 183 
10 10} 54 21 53 21 Tot 20} 
asus IL IL 53 224 53 224 2) 22 
esgular Cross Regular Y Branch 12 12k 6h 24 é 24 12h 24} 
13 | 13 53 26 61 26 13 26 
14 13¢ H 5k 27% 63 27% || 14 28 
15 15 54 2094 6} 293 | 15 30 
16 16 6§ 314 7 314 16 32 
18 18 1% 35 7t 35 18 36 
20 20 10} 384 8 384 20 40 
22 22 It 4I 9 4 22 44 
R- 24 24 2 44 pas) 44 | 24 48 
26 OS Nah eration oases tact eect aets joo een rea c HES eeetaee tao cers 
f ; 28 28) © | latent SS Albee ais ac Por sees We woe Histccratahe, | emacs 
< ¥ 30 3 ON htare ec rs cee le ween or Slaraues een ieentol | Re rated st lowe tron 
Length of Reducers 
Special Return Rend 7 = 
Regular Reducer Inside: Diameter sas ueeian season ien 4| s| 6| 7] 8| 9|ro|r1|12/13/14/16|18]20 
Rotalblengt huss, <-ceaernruat ares 23|23|23|22|22|22/33|33/33|33/32|32|32/32 
ree ae 45 Y 
2 fea 
45° Ell 
TABLE 14.—CAST-IRON SCREWED PIPE FITTINGS FOR PRESURES UP TO 100 LBs. PER SQ. IN. 
Walworth Mfg. Co.’s Standard 
Dimensions in inches Z 
i | Pi < , 
: Soe Body dimensions of fittings ees Body dimensions of fittings 
dimensions dimensions 
\- gle a ae 1 1 = ° 
| For all fittings ADS |g ZOnVc, E . For all fittings 45 4s° Ys. 
Nominal |g 5 : e Cen. | 90° | ell, ae Nominal | 3 ; - Cen. | 90° | ell, ee 
inside dia. | o | In- | Dia. | 4 S| to ell | face | Face! Cen. inside dia. 8 In- Dia. Ss 3 to ell | face | Pace| Cen 
of pipe | a | side | of = face | rad. to to to of pipe = side of 2 . face | rad. to to to 
| dia | | bead | Bie face | face | face dia. bead sae face | face | face 
= ead § 2 eee SS Rea | een ee a ee | ee aa 
| Ae Cale 2 ft ee | a 7.) zw (ok Avieiel| Cl DU eee Coin Hal mesa 
ee I Se oe ee Pn Caen ip Sh. [So Adele s| Ged tena) “Soe ote) oho) ae Sa oneres 
i 18 cael Xe ee hole esi ae 220) Tas 4 8 | 4 6 Lea 45 |) 2c) 2a One re 
Re Aa ah ere cy Ft ea HR REY oe) 1d 4 8| 5 Os Tk | 4ye| 3x8] 2%6| 103 | 7% 
R lt4 1} |. 13 vs| If} #8 +3) 2% 2 5 8 I6| 7x6 | Ts 43) 33 a0 rg | 8} 
I r1$| - 13 |. 235 | ford 4¢} 34 | 24 || 6 | 8 | 6t8)....| 88 1} | sil 4 oy tay || 
| | | || | | | 
i cee {le Galle 2 | He) odd] oh | lie Sas | " Sipe Fst | 94 | 13 6x6} 4% Sepetae i 
13 moet = ye 22 | 43) 2 rt Iv} 4% | 3% || 8 8 | 8F | | 10% | 353 | GRAN Gri siees|| OG |] 28) 
2 Tre aoa ie 33 Pee eee natal ce 53 | 4 | 9 8 | of | 123 we ih Gee eas) kh |) or || ime 
2k | 218 4h ol Me 2k eal eae a 5 if 10 8 | 104 13} 1% 8i 6qs| 4xs| 20% | 16 
3 81 3%. | 4% eee Sec Baral ae GES Ne eco a orate 1% | Oxs! 7% | 48 1 24 | 19 
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KEY TO THE DIMENSIONS GIVEN IN THE TABLES 


A =size of pipe line, 

B=center to face, elbows, 

C=center to face, 45-deg. elbows, 

D=center to face, long turn elbows, 

E=center to face, tees and crosses, 

F and F!=center to face, laterals or Y branches, 
G=face to face, tees and crosses, 


Dimensions 45-deg. Long turn 
common Elbow elbow elbow Tee 
to all 


Bess 


H =face to face, laterals or Y branches, 
I =Diameter of flange, all fittings, 

J =Thickness of flange, all fittings, 
K=Diameter of bolt circle, all fittings, 
L=Number of bolt holes, all fittings, 
M = Diameter of bolt holes, all fittings. 


Double lateral 
or Y-branch 4 


Lateral or 
Y-branch 


FLANGED FITTINGS 


TABLE 16.—ExTRA HEAVY 


Dimensions in inches 


A al es i 1. ee lee oe eae A B le. |plzh rer rela Prelit eee 
2 { al 2] si] 3a] 2 & 6°] 7{ 8{ 4] w[ 3] 4] sei] = | at | 28f sa] 43] 28& 72°] 83] off aa] sal aif aE 
1% 3% | 2] ©} 32 2% & OF! 73] 83) 44) $1 33) 4) x It AZ || 25) 60) AE) 2872 100), TOS 5 ea Ss teens 
14} 4 24, 62) 4| 2% & 63) 8) off S| wel 38) 4) 3 Iz 44 | 23) 64) 43) 23& 84) 10 | 11 6 | 4! 421 4] # 
2} 44) 23) 7| 43) 23 &8 9 | 10%) O| £] 43) 41 °% 2a eS 3| 7| 5) 22& of | 11 | x2 | 221 le el ieee ec ti| |S: 
2} 5 23) 7B 5 23 & 9% | 10 | 12 7 44) 521 4 i 25 53 34 7% = 23 & 103 | 12 | 13 | 74| I 53| 4 t 
| | | | 
3 53 | I hee | Wi reer eo Ed RE aN Teleteie Olt 1A £ 3 6 33} 8| 6| 3 & x13] 13 | 143 Z| 13 | 63 8 t 
3% 6 33} 9| 6| 3 &11z} 12] 143) 83) 38) 7] 4] 2 32 64 | 4| 9] 68) 3 & x24} 14] 154] 9 | re} 741 8] 
4 63 4 | Io 63, 3 &12 13 | 15 9 4%| 72) 8 # 4 7) Vi 74blexo | eT ees «Suse ees 164} io | 17 ty 8 E 
4} 7 4%} I 7 3 &12 | 14 | 153] 92] 48) 72] 8 z 43 7% | 42) 11 | 73) 32 & 143 | 16 | 18 | to}! rH} 841 8 t 
5 74 43 12 734| 3% & 133 | 15 | 17 | 10 #3 «10 8 z 5 8 oll cho te eS 35.216 ES) ros) ne) ae ot} 68 q 
: | 
6 | 8 ey) | 8 33 & 144 | 16 | 18 | 11} 1 9% 8 ¢ 6 9 | 54! 33 9| 4 & 17%] 19 | 213} 123, Ive] 10$} 12 t 
7 83 54] 14%] 83) 4 & 163 | 17 | 203) 123| rz] 10%] 8 t if 9% | 5%| 143) 92) 44&19 | 21 23%) 14 | 1% | 11g] 12 | x 
8 | 9 6 | 16 9 4% & 173 | 18 | 22 | 133| 13 | rr2| 8 | 3 8 ros | 6 | 16°) 503), 5 & 20} | 22 || 253] es | as | 29 be | s 
9 | 10 63] 18 | Io 43 & 193 | 20 | 24] 15 | 1¥ | 133] 12 | oF 9 II 63] 18 | 1 5 & 222 | 24 | 272| 163} 12 | 14} 12 4 
10 II yf) Hee ta fas 5 & 203 | 22 | 253! 16 | 13} 142] 12 gee 10 12 7 | 20 12 54 & 254 | 27 302, 184) 1% |} 152%] 16] x 
| 
12 12 74) 22 | I2 54 & 243 | 24 | 30 | 19 | 13 | 17 | 12 I 12 13} 8 | 22 | 134| 6 & 272) 30 | 334 202 2 173{ 16 | it 
14 | 14 73} 24 | 14 6 & 27 28 | 33 | 21 | 1% | 18%) 12 | 14 14 15 31 24 e& 31% | 31 374) 232) Ze.) 2OFt 2oale re 
15 | 144 8 | 26 | 144) 6 & 283 | 29 | 343%| 222) 12 | 20 | 16 | 12 15 15% | 10 | 26 | 154} 64 & 333 | 33 | 302| 253) 2%} 2131 20 1% 
maf £5 8 | 28 | Is 64 & 30 30 | 363} 233] r¥5] 212] 16 | xi 16 163 | 103] 28 62| 7% & 34% | 35%| 42 | 26 | 2% | 223] 20 | 12 
18 | 163 83) 30 | 163) 7 &32 | 33 | 39 | 25 | 1x6] 223) 16 | 14 18 17% | Ir | 30 Z| 8 & 37% | 383| 45%) 282] 23 | 242] 24 | 13 
| | | i | 
20 | 18 93) 32 | 18 | 8 W35 | 36} 43 | 27%] 144) 25 | 20 | 12 20 19% rr}, 32 o| 8% & 40% | Ar || 402) 3x] 24 | 27 b 24 zs 
22 | 20 | 10 | 34| 20| 8% &373| 40 | 46 | 203] 142] 273 20 | It 22 202 | 12 | 34 2| 9% & 43% | 45 | 534) 33 | 2§ | 202} 28 | x 
Ze 22 ix | 36 | 22 9 & 40% | 44 | 494] 32 | 1% | 204) 20 1} 24 223 | 13 | 36 | 223] 10 & 473 |....| 573] 36 | 23 | a2 { 28 z 
26 23 | 13 | 39 | 23 | 93 & 43% | 46 | 53 | 342) 2 | 31%] 24 | 13 | | | 
28 24 14 2 | 24 | 103 & 463 | 48 | 57 | 363] 2%! 34 28 | 12 | 
| i 
30 | 25 1151 45 | 25 | 11 & 40}| 50 | 6o$! 383] 24 | 36 | 28 | 13 | | 


Asterisk (*) indicates center to face dimensions of run on laterals or double laterals, each way. 
of a Y on the short end. All other dimensions on Y’s are the same as for elbows of the same size. 


Y of the size of the largest opening in the fitting in question. 
All dimensions are in inches. 


made into rings as required. A splice is shown at f, which is made 
by cutting the cord obliquely and joining the ends with rubber 
cement. The ring should have the same diameter as the grooves 
in the face of the flanges. Rubber cord 3 in. diameter is large 
enough for the largest joints, and it is not convenient to use cord 
much less than % in. in diameter. The rubber should be of good 
quality, and preferably what is known in the trade as “pure gum.” 
When a joint is made in a horizontal pipe, the rubber ring can be 
held in the groove of one flange by rubber cement when the joint 
is put together. The surface bc may have an angle of 60 deg. 
When alignment of the pipe sections is required it is readily ob- 
tained by the construction shown in Fig. 8. Fig. 9 shows a modified 
form and Fig. 11 an application to a cylinder head. The rubber 
rings, of which sections are shown, may be cut from flat sheets.- In 
making the joint shown in Fig. 11, the ring should be stretched 


The smaller dimension is also the center to face dimension 
A reducing Y carries same dimensions as a straight size 


over the head to hold it in place, talc powder being used to prevent 
its sticking. 

Two or more joints at as many shoulders on the same piece may 
be made with this joint as shown in Fig. 13 in which a lantern A 
is bolted to an annular casting B. Joint C is like Fig. 6 and joint 
D like Fig. 11. 

This joint is used with complete success for low pressures in the 
Batcheller pneumatic postal tubes, in which the pressure seldom 
exceeds 5 lbs. per sq.in. A rectangular groove, Fig. 14, % in. wide 
by 4 in. depth, is turned in one flange and a tongue 2 in. wide by 
gz in. high on the face of the opposite flange. The outside diameter 
of the tongue fits the outside diameter of the groove. A rubber 
ring, as shown, $-in. wide and # in. thick, is laid in the groove and 
the flanges are bolted together. The rubber ring is compressed to 
a thickness of 2; in., the surplus flowing into the space provided by 
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Fic. 5.—Stress at root of thread of bolts for flanged pipe fittings 
under a pressure of 250 lbs. per sq. in. 


“sures up to 3000 lbs. per sq. in. 


Fic. 11. 
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making the tongue narrower than the groove. The tongue and 
groove of this form are easily machined and alignment of the sections 
is insured. 

This joint is also regularly used by the Nordberg Mfg. Co. for 
mine-pumping plants where the pressure is heavy and the service 
severe. 

Pipe joints and threaded unions for high-pressure air, according to 
H. V. Haicut, Chf. Engr. Canadian Ingersoll-Rand Company (Amer. 
Mach., Apr. 23, 1908) should have metal to metal joints with narrow 
faces and are preferably of the ball and socket type. Regarding the 
actual joint, the rule is the higher the pressure the narrower the joint. 
Fig. 15 shows details of a ball and socket joint used for pressures 
up to tooo lbs. per sq. in. The radius at the end of the pipe is 
slightly less than in the socket, giving line contact. The thread not 
being subject to air pressure is made straight and the flange screwed 
on by hand. The ball and socket feature makes the joint tight 
even if the parts are not in perfect alignment. Extra heavy pipe 
was used in order to have sufficient thickness after threading. 

A high-pressure flange union is shown in Fig. 16. It permits a 
movement of 5 deg. in any direction, as indicated in the smaller 
illustration. The recesses a are for calking with lead should it be 
necessary, which it seldom is. Fig. 17 shows a type of fitting 
used in the United States Navy for torpedo service and for air pres- 
Note especially the knife-edge 
joints. 

Fig. 18 shows a fitting for connecting copper tubing. The tube 
is swelled outward and the end pinched between the nipple and 
swivel, the former being turned to an angle of 30 deg. with the center 
line. 

Flange joints for high-pressure hydraulic work are shown in Figs. 
19 and 20 and Table 18 by U. Peters (Amer. Mach., A pr. 18, 1901). 

Fig. 19 shows a joint for bored or seamless drawn steel pipes 


Fics. 6 to 14.—The Rapieff pipe joint. 
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Fic. 17.- Fittings used in U.S. Torpedo Service 
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between Pipe and Elbow 


Fic. 15-Details of an Elbow and Companion Flange of a Ball and Socket Joint 
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Steel Spherical 
Washers 


Red Brass ! 
jPacking Ring 


Showing Contract 


Fic. 18.- Tank Connection for 34 Inch 
Copper Tube 


: pol 


Wily 


be Connection 


Fic. 16.-Flange Union for 
1000 Pounds Air Pressure 


Fics. 15 to 18.—Pipe fittings for high-pressure air. 


from 3 to 8 ins. and larger diameters with ring-grooved male and 
female ends for the copper gasket. The flanges and bolts are also of 
steel, and the accompanying table gives some dimensions for the 
various sizes. The table is made up from connections actually in 
use and approved. They stood a trial test of 7 gross tons per sq. 
in. without showing any sign of leakage, if properly connected. 

The pipes and flanges are threaded either by the United States 
standard of 8 threads, or by the Whitworth screw standard with 
6 threads per inch. 

For smaller pipes the connection shown in Fig. 20 is applied. Such 
pipes are generally called by the catalog names of extra heavy or 
double extra heavy steel or wrought-iron pipes. As given in the 
tables of the various makers, they are of different dimensions, 
for pressures from 500 to 7000 lbs. per sq. in. The flanges are 
usually of forged or cast steel and of different shapes, corresponding 
to the number of bolts from oval-like, triangular and square to 
round, and it would take too much space to tabulate all these 
dimensions. More difficult to determine than the size of the pipes 
for heavy pressure is the size of the flange bolts. A formula is there- 
fore here given: 

4000 to 5000 (D?—d?) 
number of bolts 


=safe tensile strength of bolt. 


The factor 5000 is used for higher pressures. The length of thread 
for cast-steel and wrought-iron flanges may be made: 
f=2.25 (D-d) 
and for cast-iron flanges: 
f =2.50 (D-d) 


fi=f+is in. and e=3 to} in. The thickness of the copper 
gasket is usually not over ¢ in. 


4 


For high-pressure superheated steam or hydraulic work S. D. LOVE- 
KIN, Chief Engr. New York Shipbuilding Company (Amer. Mach., 
June 8, 1905), considers the joint shown in Fig. 21 superior to all 
others. The faces are serrated and for steam a plain gasket of 
annealed copper is placed between them. For hydraulic work dealing 
with pressures up to 6000 lbs. per sq. in. Mr. Lovekin uses lead 
gaskets. 

The Van Stone or Walmaco pipe joint for high-pressure (250 lbs.) 
steam is shown in Fig. 22. In making this joint the flange is slipped 
on the pipe, the pipe is brought to a red heat, the end is rolled over 
against the smooth face of the flange by a special machine which 
insures perfect contact and, finally, the pipe is placed in a lathe and 
a light cut is taken from the face which is to make the joint. Rubber 
gaskets are used for pressures up to 125 lbs. and copper gaskets for 
higher pressures. In some cases the ends are ground together. 
The advantages of the joint are: The pipe is not weakened by 
threads; the joint is made between the ends of the pipe; the flanges 
simply act as collars to hold the ends of the pipe in contact; the 
flanges swivel, thus greatly reducing the labor of erecting the 
work. 

Table 19 gives the dimensions of this joint as made by the Wal- 
worth Mfg. Co. 


Pipe Markings 


The standard pipe markings of the American Society of Mechanical 
Engineers (Trans. A. S. M. E., Vol. 33) are as follows: 

In the main engine rooms of plants which are well lighted, and 
where the functions of the exposed pipes are obvious, all pipes shall 
be painted to’conform to the color scheme of the room; and if it is 
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FIG. ro. 
TABLE 18.—DIMENSIONS OF HIGH-PRESSURE HYDRAULIC PIPE FLANGES. 


Dimensions in Inches For 6 Bolts For 8 Bolts 


Fic. 21.—Pipe joint for high-pressure superheated steam or hydraulic 
work. 


desirable to distinguish pipe systems, colors shall be used only on Bic’ 7 —The Van Stone pine jomt. 
flanges and on valve fitting flanges. 

In all other parts of the plant, such as boiler house, basements, 
etc., all pipes (exclusive of valves, flanges, and fittings) except the 
fire system, shall be painted black, or some other single, plain, 
durable, inexpensive color. awoke 

All fire ee (suction and discharge) including pipe lines, valve Sicony divetan 
flanges and fittings, shall be painted red throughout. 

The edges of all flanges, fittings or valve flanges on pipe lines larger Water Nision 
than 4 inches inside diameter, and the entire fittings, valves and 
flanges on lines 4 inches inside diameter and smaller, shall be painted 
the following distinguishing colors: 3 


DISTINGUISHING COLORS TO BE USED ON VALVES, FLANGES AND 
FIrrincs 
{ High pressure—white. 
Exhaust steam—buff. 
Fresh water, low pressure—blue 
Fresh water, high pressure 
boiler feed lines—blue and 
white. 
( Salt water piping—green. 
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TABLE 19.—THE VAN STONE Pipe JOINT FOR PRESSURES UP TO 250 Las. PER Sa. In. 
Dimensions in inches 
Lone Hus FLANGES SHort Hus FLANGES : 
made from cast-iron or ferrosteel made from malleable iron or cast steel 
are pacheien| 
I 
< | 
NI 
aS N 
T MY - 
rf VA Ax 
J Tf IN T 4 a 
} | -—-—K—-— | |] 
ui 2 z ahon 
bos = ia} 
Lone Hus FLANGES Rinc FLANGES 
made from rolled steel made from malleable iron, cast steel or rolled steel 
Size 4 4} 5 6 7, 8 9 Io HZ I4 rs 16 18 20 22, 24 
D. Diameter of hub, cast-iron or ferrosteel............ Oar OnE eT 83 o2))/ rox | rng) 1gt | rss Ges) 17 | rots zines co ezO 28% 
| —-_-— 
Jae Diametenior hub, rolledisteeloas-.1. eecmin de ase aan 52 6t 64 tie 9 rot | rr3 | 123 | 14§ | 1635] 17z5| 1835] 203 | 224 | 24% | 27 
Ale DA INC LET Ola Ate Seen aac reteset a eters! ct aevtclies Cte Tacaieest a= Io ro} | 11 ELA! I5 16 17% | 20 22% | 23% | 25 27 20% || 312 134 
B. Thickness of flange, cast-iron ferrosteel, cast steel, or 1; Te] ae 16 I; 1% ii 1% 2 25 Da Qe: 25 Dp Be 2% 
malleable iron. 
H. Thickness of flange, rolled steel, with long hub...... 1% i} 1% 1; lgs| x sist ee 3 1% 1% r348| «xf 2 2k 2i De 
Kem irametertor laps sera neuerstecayerere sia eun Aedes crates Acree 6% qt 74 9 pao) anit jee Il) Bley |) sues I rai 18 I9 2td | 233 "| 25% | 274 
Gra Diameter otboltcimcleci cas.as eecreswcscky nies eal eee ee 7k 84 o+ | ro$ | 113 | 13 I4 15% | 17% | 20 21 22k | 244 | 262% | 282% | 313 
= 
INvdam ber OLD OLES mie coacs srmue sae enroute ay crear NAV eNe Re 8 8 8 12 12 12 12 16 16 20 20 20 24 24 28 28 
SI ZOMODS, WOOINAS ey tayo Siem S es Domes SRS orem cn Gabe Hye. rs 2 ra $ $ t a t t t I I I 1% 1% 14 
G. Height of flange, cast-iron or ferrosteel............. 3% 33] 4 4t Aqe| Az Ate) 42e> Sas) 5¢ 5s 6 6t 64 6F 7 
F. Height of flange, rolled steel, with long hub......... 33 3 3H 3t 3% 34 38 32 4 4% 43 4S 5 3 Be 6} 
E. Height of flange, cast steel or malleable ircn.........| 1} eres 368 2 Dyes Asizs|| Pe. 24 2%s| 234| 233| 2% 375| 31 33%5| 38 


Oil division 


Pneumatic division 


Gas division 


Fuel oil division 


Refrigerating system 


Electric lines and feeders 


~ 


Delivery and discharge—brass 
or bronze yellow. 

All pipes—gray. 

City lighting 
num. 

Gas engine service—black, red 
flanges. 

All piping—black. 

White and green stripes alter- 
nately on flanges and fittings, 
body of pipe being black. 

Black and red stripes alter- 
nately on flanges and fittings, 
body of pipe being black. 


service—alumi- 


The standard pipe markings of the ships of the United States Navy 
are given in Fig. 23 (Amer. Mach., Nov. 26, 1908). 


Outside of machinery spaces all pipes, except pneumatic pipes, 
are painted white (the general color of neighboring work). The 
contents of each pipe are indicated by distinctive color bands placed 
upon the flanges, or at intervals between the flanges, or in both 
places, as shown. 

The valves also are painted distinctive colors, indicating the 
contents of the pipe. 

The direction of flow of the contents of the pipes is indicated by 
a narrow color band (red or black) painted around the center of 
the band that indicates the contents of the pipe. 

In general, the narrow black band indicates the flow toward the 
motive power of the system, or toward an auxiliary, and the red band 
indicates the flow away from the motive power or auxiliary. Ex- 
cept ventilation pipes in the coal bunkers, under the fire and engine 
rooms and store-room floors in double bottoms and wing passages, 
all pipes are painted the color of the compartment and retain their 
distinctive bands. 
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TABLE 14.—DIMENSIONS, STRENGTH AND WEIGHT OF PELTON 
WATER WHEEL Co.’s DousLe RIVETED Hypravutic Pree 


Salt Water Pipes 


Sea Suction Piping to Pumps for Plushing Systems Ete, | & eS) Si g r a g a SS g & a 
CWI xO QU WH Sey eel Nes 8 hale! ae he 
Salt Water Delivery from Pumps for Flushing Mains Ete, 3 <i ae 3 ie} 27 a A & 5 3 3 B 
a STO sis Whe | ae Be call) eal “Gainey I cas) ae pe Hae 
<< pike Pipes a by | 2 I eal] 3 3 8 bas 2 3 Sel | we gs 
4 a ga | 3 ge |s $ eo | 3 eh | & 
3 A |f5 |e |e |B [4 | a> le | x’ |B 
a i} 18 205 810 ne HS 18 72 .109 205 PANNA 
3 4 18 Alo} 607 3.00 18 II 125 337 29.00 
way 4 16 062 760 g.75 18 10 I4 378 Beso 
NV SN 8 5 18 OS 485 Sea ee 8 E71 460 40.00 
\ TN a 5 16 062 605 4.50] 20 16 .062 I5I 16.00 
i Piping Supplying Ate 4 q 
whether Natural or Artificial a) 5 I4 078 757 5.75| 20 I4 078 189 19.75 
wwe Sy 7m 6 18 05 405 4.25 20 12 .109 205 27.50 
KWH. S aN Hh SN 6 16 062 505 5.25] 20 II +125 304 31.50 
Ventilation Piping Exhausting Air from“ Compartments 6 I4 078 630 6.50} 20 10 A: 340 35.00 
whether Natural or Artificial 7 18 0s 346 4.75 20 8 L171 41s 45.50 
Steam Pipes 
NT SN:‘I’~w v CI WY. RO-3 U/ 16 062 433 6.00] 22 16 062 138 eh als} 
% EN a 
Steam Supply to Auxiliary Exhaust Steam from Auxiliary fi = es a oes oe es ue ie pa 
Drainage Pipes ~ Color of Wall of Comp’t | 8 14 078 472 8.75| 22 Ir 125 276 34.50 
CC i WOO \ aN NE, 8 I2 109 660 |12.00| 22 Io BIA. 309 39.00 
Where ee Work is White Where Raley hacia Work is Red 9 16 062 336 7.50| 22 8 “171 376 50.00 
Fire Main Magazine Flood 9 14 078 420 9.25) 24 14 .078 158 220775 
TES Pp SHY MOON 9 I2 . 100 Eye Mn GAs) ey 12 , 109 220 32.00 
TW KR 3 KES O Io 16 062 307 8.25] 24 II eos 253 37.50 
Flanges Lagged and White | Magazine Flood direct from Sea Fire 10 14 -078 378 |10.25) 24 10 -14 283 42.00 
Red Bands between Flanges Main when used as Magazine Flood 
Prcaata Pisna 10 12 . 109 530 |14.25| 24 8 a ailyfit 346 50.00 
Io II ie 607 |16.25| 24 6 .20 405 59.00 
Entirely Black, No Indications for Direction . a ee. . ee s = a oe, - a 
Hydraulic Pipes Il 14 078 344 |II.00] 26 rE P25 233 39.50 
II I2 . 109 480 |15.25| 26 Io pe 261 44.25 
II II 025 553 |I7.50| 26 8 272 319 54.00 
II Io Peay: 617 I9.50| 26 6 20 373 64.00 
Key i) 16 .062 252 10.00) 28 I4 078 135 27.25 
Exhaust - : 12 14 .078 316 |12.25| 28 12 . 109 188 38.00 
see “Ww? BlueKWG GI 
ae I2 I2 .109 442 |17.00| 28 II .125 216 42.25 
. : .50 
Fic. ie ys es Sena of the United States Navy. a ae a a io o e ss bite phe 7 ; si 
13 16 062 233 |10.50| 28 6 20 346 69.00 
13 I4 .078 291 |1I3.00] 30 nee .109 176 39.50 
~ 13 12 . 109 407 |18.00] 30 Tee nS, 202 45.00 
13 Le E25 467 20.50} 30 Io BEA. 226 50.50 
13 10 -I4 522 23.00] 30 8 bke7.E 276 65.75 
I4 16 062 216 Phe 2530 6 AEX) 323 73.00 
I4 I4 078 272 14.00] 30 t 25 404 90.00 
14 I2 . 109 378 19.50) 36 Tea aE25) 168 54.00 
14 Il Sy 433 2 Din 2\5 | aes Io aes 189 60.50 
I4 Io I4 485 25.00| 36 a .187 252 81.00 
15 16 062 2025 | Th.75|/ 36 + .25 337  |109.00 
15 I4 078 252 P4751 30 ts nue 420 |135.00 
I5 I2 . 109 352 |20.50| 40 Io .I4 170 67.50 
15 Ir 12 405 |23.25| 40 x5 | «X87 226 90.00 
I5 10 14 453 |26.00| 40 + (25 303 |120.00 
16 16 062 190 13.00] 40 vs mete 378 |150.00 
16 I4 078 237 16.00} 40 3 ays 455 |180.00 
16 I2 . 109 332 B2).2)5\) As Io EA 162 71.00 
16 110 @ 125 379 |24.50| 42 gs | .187 216 94.50 
16 10 14 425 28.50] 42 3 25) 289 |126.00 
18 16 062 168 |14.75| 42 vs | .312 360 |158.00 
18 14 078 210 I8.50| 42 3 OS! 435 |190.00 
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Tapers 


-The most commonly used standard tapers are the Morse and 
the Brown & Sharpe. The former has, nominally, a taper of $ in. 
per ft. measured on the diameter, as are all tapers, but having been 
established before the days of accurate measurements, the different 
numbers range between .6 and .63 in. per ft. The Brown & Sharpe 
taper is 2 in. per ft., except the No. 10, of which the taper is .5161 
in. per ft. 

The most desirable taper is the Jarno, which is .6 in. per ft. or .o5 
in. per in., which latter figure brings out its desirable features most 
clearly. The number system, instead of being arbitrary as with 
others, indicates the dimensions, the number of any taper being 
equal to the diameter in tenths of an inch at the small end, the 
diameter in eighths of an inch at the large end, and the length in 
halves of an inch. Again, the length is equal to five times the small 
diameter or four times the large diameter, any one of the dimensions 
being the key to the others. The leading machine tool builders 
who use this taper are the Pratt & Whitney Co. and the Norton 


Y 


\ 
N 


1/3 


Grinding Co. The Reed taper is the same as the Jarno, but without 
the convenient relationship of numbers, diameters and lengths 
The Sellers taper is in. per ft. In this taper the customary driving 
tang of twist drills and boring bars is omitted and in its place the 
socket is provided with a key and the shank with a keyway to fit. 
Unlike the tang, this key has ample driving power and eliminates 


Fic. 1.—Taper of steam-hammer piston-rod ends. 


the well known trouble due to the twisting off of the usual tang. 
There is nothing to prevent its use with other tapers. The sockets 
being fitted with keys, it is only necessary to mill the keyways in 
twist drill shanks and thereby get rid of a universal nuisance. 

The following tables give dimensions of these various tapers, all 
dimensions being in inches. 


TABLE 2.—THE JARNO TAPER 
Dimensions in inches 


T = 
; 
| 
TABLE 1.—THE Brown & SHARPE TAPER a a 
Dimensions in inches { LJ. 
Z ‘e Gil; 1 
s 13 | ele ee Peas GE ee 
2 - peas S piece tl eiegteas 
g ace, || Ge i) qo] So ilite | Rese lly oe : No. of taper 
> elas 4 By | & 2 Fo | g 2 7 Dia. of large dere 
— a ° oa ad “ts fo} 
5 Loic RS | ae n o g x) ¥ a | % i fe Taper per ft.=.6 in No. of taper 
QQ Cesta | 2, 3 el [e) ad Sad . . 'e 
8 ga/ 2 | @ les] 2 |e) eos ; : Dia. of small end =———_=— 
§ 3 Ay | 2 5 oy cs] g ae Eg Taper per in. =.05 in. Io 
4 o | 
aA | M si el he | No. of taper 
jee S 7 Length of taper =————*— 
Sp IRE aie be tl ie ie Ww Tk t : Z 
I 20 Mi tm) %) # | ass) & | F-5 Go0 Ses bs z © 
3 | = 
2 25 | I | Tis a z . 166 4 BE -500 2 .250 ~20 | i 
: 312 % 28 13 Fs 197 ¥6 vs | .500 3 BS .30 re 
ea rt 1% a4 | 
‘ | 35 : ; a 8 228 4 Ba - 500 4 .500 -40 2 
-45 | 13 1% Its A 260 | % x . 500 5 625 .50 23 
: | | 6 2750 .60 
: ae | 2% | 232 | ¢F 291 | x az .500 
S00 Tes 3: 233 té | .322 3 5 500 Fe 
- . 7 87 : : 
SS Wars |! Bats | ott || age re 353 | 4 % | .500 8 I ce . = 
9 -90 4 4t a. | 1 5 aos 3 : bee e 
| er : 34 13 -385 i¢ @ - 500 9 1.125 .90 44 
9 90 4% | 48 | 4% 13 385 vs $ - 500 Lo 1.250 1.00 5 
\ | | : II E375 Tero 
oe | 0440 os 54 4% | its | .447| Ts 4 5161 - 
Io 1.0446) 53% 5%é ral Bors |cvepa| 22 || 2e 4) aS LOT 12 1.500 1.20 
II Ee25. || 64 Si OH | rte 447 [aes | Se gee 13 6 : 
12 |I.50 i 1 rire | 1 5 | Weseec 1.025 I.30 64 
5 7 74 648 | 14 “$10 | 2. | ¥ .500 14 I 
13 eee 74 74 Hee || se! ee vices “7150 1.40 7 
g 16 | 2 -510 7% = |} .500 ES 1.875 I.50 a} 
| | : | | 16 2.000 
| | : 1.6 
14 2 L 82 84 iH .572 24 Ts SOO i : 
15 |2.25 SL allies errr ales ea | c.. 17 
16 2.50 ot 92 So | a2 635 15 5 pees he eA 
Pa 2.75" | of. | Sof i Ri Neen 28 2.250 1.80 9 
| ; drecol ese ecsatai oe ees aes | 
18 3 Io} RO# lise ral cae ee | ene es of eee as 94 
see EN I Ss (cece ae a Eee ara [cece | 500 20 2.500 2.00 nae) 
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Ko ap ee cop ee eae 
TABLE 5.—THE SELLERS TAPER 
Dimensions in inches 
A IM TEN VO PA SONNE SEL ITE EN OG IO AU YN ONIN OL ee 
2 I ri) 2.) 2 | Yel2yve| 23] 3 | He) 3 | 2 | wel cel Ge] A] oe] t 
| | — 2 r rte} $ | 4 | Yej2xe] 2%] @ | & | 3] Pe] vol oe] ce) He] fe] F 
ngle bf Key 8292 i 17s|23 | $ | xe] % |238) 33) & | 13] 43) % | 4 $4 | ei| 3z| 4 | we 
appr 1-79 tn 12 t | rf iaesir | @ | seladel 48] 2 | x8) sal 8] Hl ah) al] de] ld 
I} 2 |4s |x | 8 | & [4t | 53) 4 | 18] 63) xe] ra] 3%} 32) 3 | He] 2 
H 13 2% 15% |t4 | & | 4/62 | 74] 4 | 2 | 8 | 4] 28) 22) 3b] vel xe] ze 
2 3% |7% {rt | $ O8 $4| 2 
TABLE 3.—THE Morsre TAPER 
Dimensions in inches 
a - oe 
® | Diam. | Stand- | , | End of |} Length | Width Thick- | Rad. of Whole Diam. | Diam 
a Depth é Length | Diam. pes . of 5 AEA 84 
< plug at ard of spin. to of of oa me ness mill ae o Shank | length Be at end jof point oe 
“ small plug eieatl key- key- key- cet eat of for mas depth of ae of of aes 
3 end FE depth | Wway way way = 2 tongue | tongue of shank ee socket | shank 
a dD B | H K ZL W ui d t R a | ) B | A 
I 360 23 2ye | 2y8 i 213 | ws 533 au ic .05 23 2% .600 | .475-| .356 | .05 
2 572 2x6 2f | 2} q 26 ? oF 3 3 06 2k 3i6 602 7 .556 | ,05016 
Si <778 | 3% 3t | 3x8 Iv 322] 4 i * fr Os 4 3.4} (3% -602 | .938 | .759 | .05016 
4 | 1.02 | Aye 43 3t 1} 478 53 3 at 16 10 44 4% -O2Gmlmin2 oi .997 | .O5191 
Retin. 475) Sar 5i 48 I 635 § 18 § Fy 12 53 6 .630 | 1.748 | 1.446 | .0525 
Gu p-2.2r6 73 73 7 koeatg 76 t 2 3 PS I5 8 855 .626 | 2.494 | 2.077 | .05216 
oe i ‘ 
ie | | ‘ 1 t 
i) 
H t 
' 
TaBLE 6.—THE STANDARD Toor Co.’s TAPER FOR Twist DRILL 
' . 
n 1 { SHANKS 
a . . . . 
3 F| ba heed Dimensions in inches 
2 | 53 3 t 
3 a ra a al Length 
= Tat “a a | \ Mcnestcr Diameter | Diameter Total Depth of |of tongue} Thick- 
ee bed . 
= re 4 & 3 3 a Me small end | large end | length of | hole in | to end | ness of 
3 hee Ser ig = s 3 iw of shank | of shank shank socket | of socket} tongue 
S 4 id See oh eS hole 
<5) al rt 2 A <-) é 
8 So a ae a iB e # 
mn oS Bod 3 I .378 484 2h 13 Fy ry 
n 7 kes SONS 2 587 .706 23 rig + g 
B r Sw 8 3 .800 941 233 Bs 3 } 
a hin 4 T.050 1.244 3% 3 ie $ 
a Nb pager 5 I.515 Tage 4$ 3t $ I 
\ 6 2.169 2.501 63 5 3 ri 
7 2.815 288 9 7% r 14 
ra —, —- 1s ' ( : 
See ak , End of | 
Number of | Width of . Length of |Diameter| Taper Taper 
oo —hI— t keywa Boer ouee keyway | of socket] per foot | per inch 
“ SS | oper ee keyway pecs a fee e 
jena H | G H i K 
H ‘ I . 263 1§ » 4 Ee 600 .0500 
2 388 Iz I Ives .602 05016 
Gh ey pa hae ees 1 5 5 
: 7 uk he Sap eS Sica 3 .520 2 1} is -602 . 05016 
ete me a aan ko 4 .645 2u ti rik .623 .OS5IOI 
13't2 —— ay SS ee 5 1.020 3t 2 .630 .0525 
Mise eens to aoe ees 6 E270 48 ea as sO20r eco 
A ae ier ee 4 7 1.520 (ee lie ae -lirecmaaen 625 05208 


TABLE 4.—THE REED TAPER 
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TABLE 7.—TAPERS PER FooT AND CORRESPONDING ANGLES 


TABLE 8—ToTAL TAPER FROM TAPER PER Foot 


i Included Angle with Taper Included Angle with 
page Death angle center line per ft. angle center line 
¢ in | 0°36’ | 0°18’ re fee | 4°—46' 2°23’ 
2 1°12’ | 0°36’ 13 in. 7°—09/ 3°-35’ 
vs in 1°30’ 0°45’ 17 in. | g°—20/ 4°-10/ 
3 in 1°47" 0°54! 2 in Ooo 4°-46/ 
vin. | 2°-05’ 1°02’ 2iin. | 119-54’ 5°-57' 
2 in. 2°—23’ 1°12’ 3 ins | 14°-15/ 7°—08/ 
2 in. 3°-35' 1°47’ 3} in 16°-36/ 8°-18’ 
23 in 4°-28/ 2°-14’ 4 in. 18°55’ 9°-28’ 


Split-ring expanding mandrels will hold well, and at the same time 
release freely when the nut is loosened, if given a taper of 3 ins. per 
ft. measured on the diameter. 

The taper required in steam-hammer piston-rod ends and similar 
pieces in order to permit separation and yet hold the parts together 
without keys, as determined at the Crescent Steel Works and shown 
in Fig. 1, is r in. per ft. measured on the diameter. The taper should 
have a length of 3 diameters. The enlarged end prevents breakage 
within the head. 


Taper Pins and Their Correct Use 


The diameter of drills for Pratt & Whitney taper pins may be 
obtained from Table 9 by C. Tatsor (Amer. Mach., Jan. 28, 1912) 
The drill sizes given are to be used when the diameter of the work 
and the length of the pin are the same. If the pin is to be cut off, 
use drill C or D according to the end cut off. 


Fid, Bs 
Fics. 2 to 5.—Correct and incorrect use of taper pins. 


Correctly used, taper pins are capable of far wider application 
than they have received. When used under alternating stresses 
they should be given a key draft—opposing pins taking the alternat- 
ing stresses. A pair of rods joined together as shown in Fig. 2 will, 
if subjected to alternating pull and thrust, invariably work loose at 
the pins while, if made as in Fig. 3, they will give no trouble. Again 
crank arms subject to alternating stresses and pinned to a shaft as in 
Fig. 4 will work loose, while, if pinned as in Fig. 5, they will not. 

The essential feature is the key draft which may be obtained by 
filing out the holes as shown, or, in the case of Fig. 3, the holes may 
be reamed a little too deep for a seat without the key draft and then 
a thin shim—evyen a piece of paper of substantial thickness—may be 
placed within the coupling and between the rods. The amount of 
opening required is but slight, the only essential being that there is 
enough to insure that each pin pulls positively in one direction only. 
A suitable diameter for the pins is one-third the diameter of the male 
member—two or more pins being used if the stresses call for them. 


Z| 
oF 
Be Taper ins. per foot 
P| 
SS | 
3! | | | | 
aan a eee i eee ee ie ray ee 
= 
#y|.0002 .0002.0003).0007 .0010| .0013 0016, .0016| .0020| .0026| .0033 
7;|.0003|.0005|.0007 .0013|.0020 .0026} .0031| .0033| .0039) .0052) .0065 
2 |. 0007). 0010,.0013.0026 .0039| .0052) .0062|} .0065| .0078) .oI04) .0130 
3% |. 0010]. 0015, .0020,. 0039. 0059 .0078) .0094) .0098) .OIIg] .O156) .o195 
Z _0013/.0020|.0026,.0052,.0078 -OI04) .O125|) .O130] .0156) .0208| .0260 
a Pe Ee ele .0130) .0156) .0163) .OI195| .0260) .0326 
z 0020]. 0020|.0039|.0078 . 0117 0156] .0187} .0195| .0234] .0312] .0390I1 
Ye|.0023].0034 .0046 .0091.0137 .O182| .02I9| .0228] .0273] .0365] .0456 
2 |.0026|.0039|.0052).0104).0156| .0208] .0250| .0260| .0312| .0417| .052I 
mlerad ieaineederes os 8 .0234) .0281| .0293) .0352| .0469) .0586 
g . 0033 .0049,.0065|.0130 .0195 0260) .0312| .0326| .0391I| .052I) .0651r 
35.0036 .0054).0072).0143 .0215 .0286| .0344] .0358| .0430| .0573) .0716 
2 |.0039|.0059|.0078|.0156,.0234| .0312| .0375| .0391| -0460| .0625] .0781 
28) 9042|.0063|.0085|.0169 .0254 -0339|] .0406) .0423] .0508] .0677|) .0846 
t mas Nake ss -0365]} .0437| -0456| .0547| .0729] . OOIT 
T§|.0049).0073).0098 .0195,.0293) .0391| .0469| .0488) .0586) .0781| .0077 
I .0052).0078 .0104|.0208).0312 -O417| .050 0521| .0625| .0833] .1042 
2 . 0104). 0156).0208).0417).0625 0833} .100 1042] .125 1667} .2083 
3 0156 .0234|.0312).0625 .0937 -1250) .150 E502] <1875| .250)) «3225 
4 . 0208). 0312).0417|.0833 .125 -1667| .200 2083] .250 3333) .4167 
5 |.0260].0391|.0521|.1042).1562| .2083] .250 2604} .3125| .4167| .5208 
6 . 0312|.0469|.0625).125 |.1875| .250 | .300 | .3125] .375 | .500 | .625 
7 |.0365|.0547|.0720|.1458).2187| .2017| .350 | .3646] .4375| .5833] .7202 
8 |.0417|.0625].0833/.1667|.250 | .3333] .400 4167} .500 | .6667| .8333 
9 |.0469|.0703].0937|.1875).2812| .375 | .450 | .4687] .5625| .750 | .9375 
pao) -0521/.0781). 1042). 2083 . 3125 -4167| .500 5208) .625 8333 1.0417 
II |.0573].0859|.1146).2292).3437| .4583] .550 5729) .6875] .91671.1458 
I2 |.0625).0937].125 |.250 |.375 | .500 | .600 | .625 | .750 |I.000 |1r.250 
13 -0677|. 1016). 1354 .2708 . 4062 -5417| .650 6771) .8125/1.08331.3542 
I4 |.0729).1094).1458).2917|.4375| .5833) .700 7292| .875 |I.1667,1.4583 
I5 |.0781|.1172).1562|.3125 .4687| .625 | .750 7812) .93751.250 |1.5625 
16 |.0833|.125 |.1667|.3333\.500 | .6667| .800 83331.000 |I.3333 1.6667 
17 0885) .1328.1771).3542 .5312 -7083) .850 | .88541.06251.4167 1.7708 
18 .0937|.1406).1875).3750|.5625 -750 | .900 9375 1.125 |I.500 ESTs 
19 |.0990,.1484.1979).3958 .5937| -7917| .950 fet Hee 58331.9792 
20 See eee -8333 1.000 |I.04171.250 |1.6667 2.0833 
25 . 1094). 1641|.2187|.4375 .6562 .875 |I.050 |x 0937/1.3125 1.750 |2.1875 
22 .1146|.1719|.2292).4583).6875] .9167,1.100 |1.14581.375 I .8333/2.2017 
23. |.1198|.1797|.2396|.47092|.7187 -9583 1.150 |I.1979 1.4375 1.9167.2.3958 
24 |.125 |.1875|.250 .500 |.750 [1.000 I.200 |I 250 |t.500 2.000 |2.500 


1 Brown & Sharpe Taper (except No. 10). 
2Jarno & Reed Tapers. 

3 Nominally Morse Taper. 

4Sellers Taper. 


Fic. 6.—Eccentric rod construction. 


Fig. 6 shows a cheap, neat and entirely successful eccentric-rod 
construction of which the author has made many. The rod proper 
is made from round bar stock, without any forge work whatever. 
At the left-hand end, where it enters the boss on the eccentric strap, 
it is turned to the largest even size which the stock will hold up to. 
The shoulder a at the right-hand end, is likewise made as large as 
the bar will allow, and the taper between the two ends provides an 
appropriate shape. The eye is a simple cast affair in halves, held 
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TABLE 9.—REAMER DRILLS ror TAPER PINS 
Ai iy, 
he ate No. 6 7 8 9 10 
‘ Length 
A .341 4090 | .492 .591 .706 
pF ‘ C | Nop 
% prs D No. O 
3s aie Cc No. P No. W 
| ' D No. O No. V 
Shortest Length 1250 Cc No. O No. W % 
of Pin Only D No. N No. V # 
N 
Saag ES ae ae Sie ed 2 eee of Oe NED |New | ts # 
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Fic. 7.—Knuckle joint construction. 


together with studs and having a socket into which the end of the 
rod enters It may be of polished brass though painted cast-iron is 
better. Wear may be taken up by filing the joint, or paper may be 
inserted in the joint before boring the hole. 

Fig. 7 shows a knuckle joint put together in the same way which 
serves its purpose just as well as much more expensive constructions. 
Like the eccentric rod, the head is preferably of cast-iron. 


Dovetails and T Slots 


The leading dimensions of dovetail slides and gibs may be deter- 
mined in accordance with Fig. 8, and the formulas which accompany 
it, by JoHn RicHarps (A Manual of Machine Construction). 
Two methods of arranging the adjusting screws are shown, of which 
the one at A, with an angular point, is correct, and the one at B, 
with flat end, is wrong. The screw A exerts its power on the line m, 
pressing the surfaces together at m. The one at B exerts its force 
parallel to the faces at m, and by forcing the gib into the corner 
opens the joint at , defeating the very purpose intended. 


Either of the methods shown in Fig. 9 is preferable to the set-screw 
plan. The one at a, consisting of a wedge the whole length of the 
joint, or two wedges, one at each end, can be applied in nearly all 
cases and is reliable in every way. There is full contact of all sur- 
faces, and the rigidity of the joint is not impaired by the gib. 

The one at ¢ is also reliable, but not so rigid as the other and re- 
quires more width for the saddle, which is frequently objectionable. 

Fig. to shows a kind of joint, designed by Mr. Richards and em- 
ployed very successfully for the cross slides of engine lathes. Twist- 
ing strains are successfully resisted because of the width between 
the fulcra at a@ and e, and the surfaces are well protected from chips 
and dirt. Some layers of thin paper are placed in the joint at ¢, 
so the screws can be set up hard and leave means of compensation. 

Exact dimensions of dovetail slides and gibs may be determined 
from Table 10 which shows the amount to be added or subtracted 
in dimensioning dovetail slides and their gibs, for the usual angles 
up to 60 deg. The column for 45-deg. dovetails is omitted, as A 
and B are alike for this angle. 

In the application of the table, assuming a base with even dimen- 
sions, as in Fig. rz, to obtain the dimensions x and y of the slide Fig. 
12, allowing for the gib } in. thick, the perpendicular depth of the 
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dovetail being $ in., and the angle 60 deg., look under column A 
for 3 in. and find opposite B =.360 in., which subtracted from 2 ins. 
gives 1.640 ins., the dimension x. ‘To find y, first get the dimension 
1.640 ins., then look under the column for 60-deg. gibs, and find D 
(for C=} in.) to be .289 in., which, added to 1.64, gives 1.929 ins. 


as the value of y. 


5 
aA or thicker 
b —$4 or thicker 
C= 2A or wider 
ahs 
d= 5 
A A 
Cah 0 
=~ 
Fic, 9. FIc, 10. 


Fics. 8 to 10.—Dovetail slides. 


TABLE 10.—DovETAIL SLIDES AND GIBS 


Dimensions in inches 


ip Ae Ai eo a 

B B B D ay: 
A B B Biealee ro | 5 ie |e) 
ay o18 022 .027 | 4 144 sae) || 163 .176 
ate 036 .044 -053 | & 216 .228 244 264 
4 072 .087 105 | ¢ 280 -305 -326 353 
t 144 175 210 | x 361 381 -407 442 
3 216 262 314 | 3 -433 457 - 489 530 

| 
3 288 350 5 420 | } 577 610 652 707 
4 360 437 525 | § | 721 762 .815 883 
t 433 525 629 | ¢ | .866 915 979 1.060 
t 505 612 TSA Nee I.O10 1.067 E.142 Ee Zaz 
Tm] 577 700 | 839 | 1 I.154 1.220 I.305 I.414 
1g 649 787 944 
Es 721 .875 I.049 
13 794 962 I.153 
13 866 I.050 TEASE) 
3 1.010 re2o5 I.469 } 
| ? SS 

a Pans I.40 OG Sq’ 
De 1.208 Lass 1.888 
23 I.442 I.750 2.007 
ae 1.588 1.925 2.307 AGG 

| SS Sv 
Soe) karo? 2.100 | 2.517 RSS 
34 | 2.020] 2.450] 2.937 SN 
4 | 2.308 2.800 | 3 356 % 
44 | 2.508 | 3.150] 3.776 H1.640°><--1, 929° | 
5 2.885 3.501 4.195 a ye > 


Standard T slots for machine tools are greatly to be desired. 
Table 11 and the accompanying sections give the well-considered 
proportions of Wm. Srrrers & Co., which, providing as they do 
for all conditions, deserve general adoption. 

The proportions are based on the use of square-head bolts where 
the size of the head is 1} times the diameter of the body plus # in. 
They represent three conditions: First, both parts of the slot, that 
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Dimensions in inches 


d A! B Bs DE F CON EL Dee Y 
] | aah 7 oa 
2 6 aa Sees & | Ize) xe} 2 d+ ys ime | 1.5d+7 in. 
| : a 
$ te te s Ii t Igs| 46) Ute) s@4-ze im.) 1.5¢- tame 
sel ; Ble 
3 te| 1% 4 | 12 i is, $# | rxs| d+}in. 1.5d+ 75 in. 
t aya tesica) ors || Perea Mer | ee Ly | dae ine WSO elite 
I Igs| 1% | 1 rz | x4 j|/-2 m4 | 122) d+t4in. 1.5d+ 3% in. 
14 igs) 0495| oy | c48)\ 2h ||) oe abe 2 d+4in. 1.5d+ 45 in. 
r+ Iys| 1% | 1% | 24 | 13 | 24 | 13 | 235| din. I.5d+ x5 in. 
12 Izs| 276| 1% | 2¢5| 1} | 22 | ch | 23 d+¢4 in. 1.5d+ 35 in. 


for the head and for the body of the bolt, are finished; second, both 
are rough, thatis, unfinished cores; third, the slot for the head is 
cored and that for the body of the bolt finished. 

In the first two cases the two parts of the slot are, of necessity, 
concentric, and only a moderate amount of clearance is required. 
In the last case the two parts are almost certain to be out of parallel, 
and it is obvious that more side clearance must be allowed for the 
head. As much width as possible without danger of allowing the 
head to turn is therefore provided. 

The consequences of the prevailing confusion of T slots may be 
greatly mitigated by the use of adapters between fixtures and 
machine-tool platens as shown in Fig. 13. Instead of making the 
fixtures with integral tongues, they are made with slots of standard 


Fic. 13.—Adapter for miscellaneous T-slots and fixtures. 


width. A pair of adapters for each machine tool having the dimen- 
sion a to suit the slot in the platen and the dimension 3 to suit the 
tandard fixture slot will enable any fixture to be used on any tool. 

Face plates of lathes, boring mills, etc., should never have 8 or 16 
slots, but 12, which permits the use of either 3 or 4 straps, the former 
insuring against distortion, while the latter is most convenient in 
adjustment. 


Shaft Couplings 


The accompanying tables, 15 and 16, of flexible shaft couplings 
represent the practice of the General Electric Co..(Amer. M ach., Sept. 
29,1910). The form shown in Table 15 uses flat leather links and is 
self-explanatory. That shown in Table 16 uses two endless belts 
placed side by side on the forms or arms of spiders. The belting 
used is a specially prepared leather which is designed to be used with 
a tension of 400 lbs. per sq. in. of cross-section, the rating being given 
both in kilowatts and horse-power, per revolution. The work per- 
formed by couplings of this kind is greater than would be expected 
of the same cross-section of belting, owing to the absence of slippage 


and the fact that the leather is firmly supported by the other parts 
of the coupling. 
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TABLE 12.—CAST-IRON FLANGED SHAFT COUPLINGS 


Dimensions in inches 


= ; 
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Silent pawls of different constructions are shown in Figs. 18-21. 

Fig. 18 illustrates the principle of a device used with the brake 
mechanism on heavy cranes and hoists in steel mills. The driving 
member A is shown rotating in the direction R, thus driving the 
ratchet B by means of the pawl P. When A reverses and moves 
in the direction L, the pawl is raised until it meets the stop pin F, 
which motion is caused by the change in position of the links D 
and E. The locked linkage now causes the spring clamp G to move 
with it, while the resistance due to its spring tension keeps the pawl 
raised above the ratchet teeth as long as rotation in that direction 
is continued. When A again begins to move in the direction R, the 
pawl instantly drops, as clamp G remains stationary during the 
change in position of links D and E. 

In Fig. 19, the driver A rotates in the direction L, the pawl P is 
driven by A, through the contact of E at X, the pin B having merely 
moved the pawl about its axis D at the beginning of motion. The 
pin D, which carries the pawl, is itself carried by the sliding block E 
and the extended end of D also passes through an arm of the casting 
G, which latter is an easy fit on the shaft. When A begins to rotate 


TABLE 13.—CAST-STEEL FLANGE COUPLINGS 
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Size of Skog ig Approxi- 
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shaft , mate 
with 33,000 Sar on: 
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in the direction R, the block E remains stationary, while the pin C 
advances against the projecting finger on the pawl P, causing it to 
rotate about D, thus bringing the point above the ratchet teeth. 
At this instant face H of sliding block E comes against the face Y, 
which rotates all the parts except the ratchet as far as the stroke is 
set, the reversal at the end of the stroke again bringing the pawl 
into engagement, and driving the ratchet. 

In Fig. 20, the arm A carrying the pawls PP is made to Grallate 
about the shaft S by a variable throw crank used for changing the 
length of feed. The ratchet disk R, which is keyed to the shaft, 
carries on its hub a split hub ZH to which is riveted a piece of sheet 
steel D, in which are cut slots YY at an angle of about 45 deg. with a 
radial line; into the pawls are driven pins XX. 

In feeding, the arm A moving in a counter-clockwise direction 
causes the pins XX in the pawls PP to ride down in the siot YY, 
thus forcing the pawls into engagement with the ratchet disks, 
thereby turning the device as a whole. Upon reversal the pins ride 
outward until they reach the end of the slots and then drag the sheet- 
steel piece, which has an adjusting screw in the split hub, back with 
them. 

In Fig. 21, a wheel, part of which is shown at A, is given a variable 
back and forth motion, as indicated by the arrows. The friction 
piece B runs in a channel turned through the ratchet teeth, and is 
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TABLE 15.—LEATHER LINK FLEXIBLE CoUPLINGS 
Dimensions in inches 
iDyeneene Rating per revolu- 
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A|Bi|\cC|op|e#:zI|F| __ Stress in belt T.p.m. | in lbs. 
| | | Kw H.p. 
4. | ts] 33 | 28] 12 | i] 3 oor2 0016 1800 at 
I ZONES 0 ed siete eno lee 0032 0043 1800 7h 
Iz | 23] 62 | 6 | 248) rz6| 3 0076 0102 1800 15 
2 34] 84 | 8 | 338] 13 | 2 0149 0200 1800 27 
23 | 43| 03 | Io | 438] 176] 2 0258 .0346 1800 43 
3 5 (Erg | 12 | 576) 13 | 2 0410 0550 1800 75 
3h Giese res) Stents ins 0612 .082T 1800 103 


Pe iin 


held by the spring and pin, and operates the pawl by alternately 
coming in contact first on one side and then the other of the conical 
hole at a and 0. 

The dimensions of wrenches may be obtained from Figs. 22, 23 
and 24 andTable1r7. In Fig. 22 one-half the bolt diameter is divided 
into four equal parts by lines abed. The point where the circle é, 
representing the inside nut diameter, crosses line a locates the first 
center; the point where line fg, from the middle of one side to the 
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TABLE 16.—LACED LEATHER FLEXIBLE COUPLINGS e 


Dimensions in inches 
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corners, crosses line ¢ locates the second center; the point where the 
30-deg. line crosses line ¢ locates the third center, the center of the 
bolt being the fourth center. R may be made equal to the bolt 
diameter. Angle wrenches, Fig. 24, are better than the straight 
pattern as they may be used in more comfined places. 
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d= .1D+.3 in. r= .2D—% in. 
Fic. 14.—Hand wheels. 


D= .135L++4 in. d=.1L++4 in. 
Fic. 15.—Ball cranks. 
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Fic, 21. FIG, 20. 
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sneeecees Saee Fics. 18 to 21.—Silent pawls. 
+ t = : | Ee Bz 
pesseee eee nsstces EERE : Jig and Fixture Details 
| 5 4 = es Fixture cams may be made self-locking by keeping the rise of the cam 
H : within the angle of repose. Using a mean value for this angle the 
= ets ms = rise of the cam, Fig. 26, for each g deg. of arc is given by the 
formula 
G x=.005 d 
F in which «=rise of cam, ins., for each 9 deg. of arc 
B ! - d=diameter of cam, ins. 
C Sagee When fixture cams are placed on horizontal axes the handles 
BK -- o should be so placed that their weight will tend to tighten the cams 
Fic. 16,—Machine tool handles. as in Fig. 27, and not as in Fig. 28. 
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Suitable clearances between punches and dies for ac- 
curate work are given in Table 34 by E. DEAN (Amer. 
Mach., May 4, 1905). The table relates to the blanking, 
perforating and forming of flat stock in the power press 
for parts of adding machines, cash registers, type- 
writers, etc. 

In this class of work it is generally desired to make 
two different kinds of cuts with the dies used. Firct, 
to leave the outside of the blank of a semi-smooth 
finish, with sharp corners, free from burrs and with the 
least amount of rounding on the cutting side. Second, 
to leave the holes and slots that are perforated in the 
parts as smooth and straight as possible, and true to 
size. The table is the result of three years’ experiment- 
ing on this class of work, and has stood the test of 
three years of use since it was compiled and it has 
worked out to the entire satisfaction of those who have 
used it. 

The die always governs the size of the work passing 
through it. The punch governs the size of the work 
that it passes through. In blanking work the die is 
made to the size of the work wanted and the punch 
smaller. In perforating work the punch is made to 
size of work wanted and the die larger than the 
punch. The clearance between the die and punch 
governs the results obtained. 

Fig. 29 shows the application of the table in determin- 
ing the clearance for blanking or perforating hard rolled 
steel .o60 in. thick. The clearance given in the table 
for this thickness of metal is .o042, and the sketch shows 
that for blanking to exactly r in. diameter this amount 
is deducted from the diameter of the punch, while for 
perforating the same amount is added to the diameter of 
the die. For a sliding fit make punch and die .00025 
to .ooo5 in. larger; and for a driving fit make punch and 
die .ooos to .oors in. smaller. 


Fic, 22. &. 
se 
v 


2 


a 
) 
Fic, 27- Fic, 28. 


Correct Way Wrong Way 
Fics. 26 to 28.—Self-locking fixture cams. 


FIa, 26. 


Yy Blanking 
Tool Steel 
brazed in 
Ponch Die 
Perforating 


Diameter of tap = D 
b=24D for double ended wrench 
b=16D for single ended wrench 
== 1/9, d,=D—+zin. d,=D+ in. 
r=D+5in. a=D+H in. Punch 
Fic. 25.—Tap wrenches. Fic. 29.—Location of allowance in blanking and punching, 
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TaBLe 18.—MALLEABLE IRoN Cross KNoBs TABLE 19.—HANDLES—STRAIGHT TABLE 20.—HANDLES—BENT 


a 


= - A 185 |) CEM) IOS |) VE Nh eM Ge 
A a a/r| arr 5rr| ay ASL SUE 
ies , 4 24 Bea 2 Bile 16 | 28 
Rough | Finish} B C D 1d MWe 5//_18 an) as BY) ts) | 157) 5307 
at P 16 —I Dale a | 2 16 | 28 
diam. diam. 3 _16 Usa aad Bir) alr 15/1) 3/7 
5 cane eee es es 8 IT PE W993 8 2 16 8 
A | B G D RO RD Bur 9 //) 197) B31//) 377 THs Veldg BT St ‘tr lh Od Ray 3 
ara = : 16 8 rag? |p ewaay Wexox 1 3 8 i6 14 4 4 |t 16 |lié | 34 
avr aOrtlt ee POW PE avr Sep ws avr Rwad 15//| 7 aw CORA Faldé 7 GO WH noe A arr 
4 |l32 Beenie | 2 16 32 4 24 32 1 py S888) 4 | a 2 16 |li6 | 34 
5 // a Ds Oe eth 9th Lae nee 3/7 3/7 lad 15//|_ 1/7 
16 lt6 32 16 2 i6é 34 4 3 32 |1s 
3 wt we PES AES av EOUL 1 Ts 5ur Ere A Aen Wide 97) ’} Th 1// 3/7 1// 1 
8 i 16 | 16 2 16 4a ie Se ae ys""-12 eo GY Wak! a ed as 
ath SSFP A1//| 34 ovr ws ’ yr ’ 17// 5 7 5/T TIT wv EWA Tae vr 
16 216 32 | 4 16 2 5 I 4 32 |lie gq) S12 I hee te ye size 43 
avr tt 37 a NE 5/7 37 wr grr Vee 1s B/7 yr Vad 1 avr 1// We 
2 276 s 8 16 8 pew I 44 32 [12 LiLo I cg When 4 [la 42 
TABLE 21.—SINGLE AND DovusLE HANDLED WRENCHES TABLE 22.—MALLEABLE IRON KNoBS 
' aa 
pane Bea 
! 


B CG Dp 
37 3/7 ay 
4 8 2 
iS, ae 4” 
4 
3 arr ay 
4 8 2 
3/7 3/7 srr 
13 4 3 2 
; 16 2 4 8 2 
Single handle | Double handle ays al! ti! avs ay 
ae ies tol gy hee peal 71K dI = a Be 2 : 
Mc ee esr iG | 2) Ke ALB PC lp il zki Fr iG |aiK 
0 3/7] wv 5 ” we sr || avs ey <a RE 2 aa vs ideal le Be haae UT ai avr 1] Bur g/t yt LOT ivr bane 
8 } 28") 3a | te) a | a” | a a | a | 2 | od 9, | 38 ee |) Sea soy 16 2 lis 2 2 
” CY) Caer: We ed ee Srk pers | Bey sy | 1 377 ” CHAN eae TENA LTA ALE LE. 5/1 ” SLOT: att? ne 
I Ig | 32 Se 4 G E i hee 24/9 Bae 3 ale a 3 8 2 Ti6 2 2 
1/7 | 3” FEN BA BUF a avr vr ayy 3// wr wr ws TAP TE) APE RAE) SRP avr 1s wy 5/7 BY 
Se Ee a a, eee te ede Wl ae Se oer ie iA ae: al rt 2a ileta 8 8 
5 avr DAP BVO eSer ee At re. | 1” 1// TE UE: ” Sur a WW) Ast] ast} arr TW iv ay Sur 5/7 
13 Mea 4ae ieee Ue We ote 2 rel | eel Se al esate: 8 8 | eh a es g 23 14 8 8 
; x é : 
pes Clearance, | = 
Ns al Paes We) 
q e BRE) 
” | g Rte 
: s 
hi i a ee e 
ee c ~ oR 
TABLE 23.—Two STANDARD PUNCHES TABLE 24.—Rounp Di&Es 
Dimensions in inches Dimensions in inches 
a b gol ie Ses Clearance a h d i e b @ 
3 5 pa L a 1 5 BY Bh 5 3 ue 3 3 5 eds ab ° 
8 16 32 4 2 29 8 | Is 005 t py 3 aa 2 g é ae 1 3 
1 3 a a) L Bd ab 1 9 5 1 1 ° 
Ee eee ee a es ee .003 a> a a 5 ied 1 ‘ 
9 1 1 ae 3 Zt. 5 ek 3 1 5 3 | q 7 3 ails 1 © 
32 a 4 £6% || usa alta 3 | 12 - 003 37 g 32 16 8 8 a a+3z 4 3 
5 3 1 5 au 7 1 9 5 7 zt 3 ee A ° 
32 = | 23) el i 003 pa er 37 #416) 8 3 t a+ 33 4 3 
i bY 5 1 11 3 13 1 bg as 3 ° 
$ zn 24 pe || aes . 002 32 8 32 16 I I ry a+ 8 3 
11 3 a 15 1 7 ma 3 ° 
3 26 lh oe alee .005 32 2 I T 8 a+i6 8 3 
3 aL 3 i 17 9 19 5 al bi 3. 1 ° 
8 16 | 34 Ij) Ig -005 Bey STG NY! 8 I 14 8 a+33 2 3 
1 11 al ah | 21 11 al i 4 a ° 
33 Len} 32 I | Ig -005 32 16 I 14 8 ats 2 3 
all L 1 23 3 25 13 1 i 1 1 ° 
3 16 | 32 E | 13 -005 32 4 32 16 I 12 8 a+¢3 2 3 
5 iG N 3 13 2 ¥ 5 1 a 5 27 fi 1 ib al ak © 
a nk is an ee he a a - 003 32S I 13 g ars 2 3 
| 
1 1 1 5 il a 5 
16 2 22 8 | 12 8 8 +003 
1 1 5 a 
rs to ie rh Ale! 8 | 12 003 
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Table 25. Collar Head Jig Screws 


Shop Standard 


Bi ae ehh 
mi 
aS 


st cos 3 13 15 
: 8 4 8 C 16 
—>» 
\ is n 13 3 7 1 
> 16 16 16 8 
| 
j cae 3 7 7 13 1 
2 4 8 16 16 Vg 
' 
Tee 8: 13 7 tie 1 
= AS) 16 16 8 16 1 15 
----t- 7 5 1 
é 3 
lig | 1i6 
a 1 1 
: ci pe 
5 g 1 5 1 13 5 i+ ee 
16 = 16 8 64 16 Be 
g 
q ah 1 tex 
3 1 3 1 17 3 16 2 
8 2 2 8 8 64 8 re 
s sg 5 pelle eos 
ia 3 12 7 5 7 5 a8 2 
16 2 | 16 16 16 16 in 1 
1 1 1 3 11 1 & 
2 16 32 D = eo 3 
Tabl S 2 ai a 
able 30, Square Head Jig Screws . 
Table 31. Nurled Head Jig Screws _Table 32. Loose Bushings for Jigs 
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Standard Punches, Dies and Punch Holders TABLE 34.—CLEARANCES FOR PUNCH AND Die ror DIFFERENT 
By A. C. Crarre (Amer. Mach., July 4, 1912) THICKNESSES AND MATERIALS 
kK U 3 ‘ 
oa ; Clearance for | Clearance for | Clearance for 
Thickness of : 
: brass and soft | medium rolled | hard rolled 
stock, in. e : : 
steel, in. steel, in. steel, in. 
.O1O . 0005 .0006 . 0007 
.020 .OOL . 0012 . 0014 
.030 .OOTS .0018 .002T 
.040 .002 .0024 0028 
.050 0025 . 003 . 0035 
.060 . 003 . 0036 . 0042 
.070 0035 . 0042 . 0049 
; 080 ole) ; 0056 
TABLE 33.—PuNcH HOLDERS 4 one . 
: F a. .090 0 : .00 
Dimensions in inches 9 045 mee Gare 
: aa eae Tao : . 100 . 005 . 000 . 007 
_ See EAP ae: 
” 5 5 | \ | os 
sz toys | 23 | 3s a) eel ee ak ae | 60° + |+x6 .110 0055 0066 0077 
; 5 | 
| 23 | Ixel 3 4| 3] 3 | cau acy |lcton 2 126 .120 006 . 0072 0084 
= mel ; " fi ie 7 nO . 006 .0078 . O09 
a | c d ale? g h | 7 |k|l|m|n lo > ° f i 
< eae . = : = SS .140 . 007 . 0084 . 0098 
ay to fs | 23 | 21] ||) eo 1 a | 8 errs 
32 16 “<4 16 8 32 8 8 8 aya) 50 0075 . 009 .O105 
Ce ace Ee iby A RE | eR | set |) BORIS is 
16 8 4 16 S| 32 8 16 4 E129 
a aoe i ia. St tg 1 3 
ei Ee gs sia, xe Bini | $] 2 | 13 | de . 160 . 008 . 0096 .O112 
BSc ge 9 Be 3 & | 19 1 a a 
37 tO 16 | 3 ei ele 8 2 eR .170 .0085 .O102 .O11Q 
3 i3 |] at ee tall Bee lee In2!r0 
4 | 16 | 16 | 4 8 4 4 2 :) .180 . 009 .0108 .0126 
11 | 13 3 | nal a 1 3 1 
: SN 5 a pa i2Q .190 0005 OIL} 0133 
. 200 .oro .O12 O14 


' ’ 
TABLE 35.—HOLDER FOR LARGE PUNCHESS 
Dimensions in inches 


a lolel|ldlel|flelhloig|k|i\|m| » lolplalrl Ss |+| « 
[rive] 21 rl 4] al #l &lesiral 2] 30° lle] gael ¥” 12 thr’d| al 3 
Miscellaneous Small Parts 
TABLE 36.—SMALL KNUCKLE JOINTS 
Dimensions in inches 
Pin A Bb (6: D E Li WAG, H Pin AS ee K 
1 3 5 3 aan | 5 3 ae ne Thee ee ees 5 ee ee eee 5 is 
3 a 4 3 16 i6 8 s §-490 8 ras Ky 4 32 64 32 16| 16| 8 5-40 
5 31 3 7 19 nus a hee 5. 3) 31 3 3 3 Hie LON aS 
33 16 32 | 16 32 32 16 2 8-32 32 16| 8 $2| 16| 32| 8 | 382) 32| Zé 6532 
3 5 7 3 | 5 3 3 a aa 2 1 1 13 1 oo 
as 3 176 Z zi 4 |) eRe 16 fp Seay tees ey) eel ee) ee HP ae 10-32 
1 5 5 7 3 3 1 1 5 1 5 Baler 5 7 3 she 
z 3 lié 16 16 8 1i6é re 420 a 2 east SIGE, 2 16| 8 | I16 4—20 
5 | iat 3 3 3 7 5 _5_ 5 3 a s SSEl = 5: 3 3 aL, 
a5 Sy eee 8 8 I Ig 3 16 16 8 a | <6 |" 8 16| 8 S|) = Ig 16 
| 
| 
1 1 1 1 3 al 3 3 3 Mi a aie sats Sele 1 3 3 
3 2 | 23 ié 2 14 Ig Tié 8 8 4 gs | 28 16 312, | 3 | La Le 8 
7 1 9 1 1 1 a Ne =T a. 1 a 9 =e ate 
18 t 216 2 16 lis 2 Ig i6 16 g | t 276| 2 ZN ay 16, li6| 2 16 
9 5 1 3 1 1 ab 3 a95 stig 415 5 | 75 ze 1 
3 I 2} 16 8 13 24 Ig 2 2 I Ig | 24 i6| 32| 16| 8s | Ig | 24 2 
| 13 15 3 5 5 5 3; 5. 6! i 5 13 15 3 5 
3 = am t 16 116 24 Ig 8 8 Ig | Is 4 16| Iie] 16| Ire] 24 8 
15 1 3 3 3 5 te wh eal ere Ss 15 +1 3 
2 13 3 te |. 216} 3 It a i 13 | 1g | 2 | 12 | rel 276] 3 t 
1 1 7 7 1 98 11 1 | 7 1 a 
z 1g I Is 216 33 28 8 8 Ig | 28 I 16' 1i¢6| li6| 216] 32 8 
1 1 3 1 5 tah BO | Seles 
I 25 1g 136 216 4 22 I T 28 | 28 Ig g | Is | Ti6! 216! 4 


16 


242 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


TABLE 37.—S. A. E. YoKE AND Eye Rop END STANDARDS 


Dimensions in inches 
Rod Ends Adjustable Yoke Ends 


—> G K— 
; 
A B | D E G 
1 Ee = 3 poe a3 
Iq 16 E 16 16 
By Jb at ae Bs 
Iq 4 2 32 4 
v3 es == a a | | | 
5 16 2 
1 3 11 Gs 3 A B aba Wag & E F G f fe 
ae : oS a . bd 5 11 3 “ 7 3 3 
12 | is ié 3 is Ti6 i6 ee le eS 16 16 16 = : 
3 1 15 Sou 1 2 
Iq zi eS 16 2 2 3 
2 & | # || &-] € | 3 : 
Plain Yoke Ends . - 28 ALAM 
‘ ’ BS Pe S*% 
— eee 3 1 7 11 3 5 ae 
24 Tt lié 32 4 16 16 
24 ALAM 
1 5 1 5 7 7 3 3 
22 3 1g Ig i6 8 3 g 
24 ALAM 
7 23 1 Ms 1 pi fi Sb. 
23 32 Ig Ig 2 I ié 16 
20 ALAM 
13 a. 7 9 a 1 1 
5 16 1ié 1g 16 Ig 2 = 
20 ALAM 
A a ae Se ae ae Se eee 
£ ae ie ua a | EBs wat a3 
14 16 8 EGoet 16 | 16 16 
12 i qi all eee | 5 2 
4 4 4 8 32 8 4 
5 3 3 fe | 3 5 
2 ayy (fee), 4 ae 4 16 
1 3 Te at 27 aT ui 3 
23 8 lie | 2 16 eet 8 
1 | 1 1 z 7 
es <a I 2 I 16 
1 1 | 5 ut 9 af x 
27 nn (aS Ig 16 Is 2 
TABLE 38.—RouND AND HEXAGON HEAD STUDS FOR CAM Rotts, LEvERs, Etc. 
Dimensions in inches 
Hanu Engineering Co., (Amer. Mach., June 6, 1912) 
p= -d = 
| ! 
1 ‘ 
l | 
Nom. size 1 | Ls | di | a4 | Thread Nom. size DANE; | d, | a,| Thread 
ef as Paral | _9 135} 1 | 
4 | iz | Ye ©.377 0-249) ie | 32 | 16 4 X24 z -249| 16 | 33°] as 4 X24 
ee | pa ee Sen a ale 
16 | Iv@ | 16 |O.408 0.311] 3 2 is a X24 16 epaulee 9} 2 is z X24 
3 | 7isb es 21 9 3 / 
8 eae 16 9-4399.374 32 16 | 16 ts X18 3 “BTA\Ga- re leas te X18 
brs C50 || wae ‘. 23 | 5 7 3 
i6 Iga | 16 |0-4700.430) 33 | 3 32 3 X16 15 436) 33 | 2 az | & X16 
a eS) ae = 3 23 i 1 | 
2 | tie | 16 ioe aera 4 | 32 | 32 16X14 2 -499 ¢ 33 32 re X14 
| | | 
5 jars gill eas . 27 | 1 1 
: | ts .| ae [0.504,0.623| 32 | z | 4 | F XxXg- z 1g | & |0-423,0.623| 33 | % |% | * X13 
3 eee ee 15 1 3 3 
4 132 = 0.627 0.748 =e I 4 i6 X12 z lgz | éx |0.4700. 748) 42 |r z a6 XE? 
ug 63 at 4 aS _5_ eS 3 5 
3 Tea | 32 0.6900.873 176 Ig | te z X12(rr) 3 16a | gz |0.518.0.873\176 |tay 16 g X12(11) 
Yee al ieee ec 1 Re ee We 
I | 2e | 2 |0.752/0.998\13 |1ds | fs | 2 X12(r0) I lea | 64 0.5640.99815 Iie | vs | 2 Xr12(r0) 
1 Gs 3 oie alge 3 rome 
13 233 | az |0.877|1.248|175 |13 | 2 |r X12 (8 iz 22 |1|# 5 as \12 @ 
| (8) a | 264 64 0.658 1.248 rx¢ Ig 5 i) -Xi2 (8) 
| 
si 3 Jee veers 3 1 
4 oat tes ieee 1.408 ize |ig | $ |1Iz Xrxr2 (7) 13 2¢4 | Gr |0-752\1.408)1z7— [rz | 2 | 1k X12 (9) 
3 en otis ny 4 5 cas 7 1 e 
14 332 | 32 |1.127|1.74813 |2%6 | rs |1z X12 (6) 1} | 262 | @¢ 0.845 1.748|/18 joes | ge |1d X12 (6) 
| wed 3 ec 13 af 2 3 | 
2 LE. 152|1. 908152 |24 S a 5 éi | 4 A 2h 
316 | 8 5 990\116 |22 ee | ee: X12 (5) 2 364 | 64 1.189 1.998 2¥6 23 ze iz 12845) 
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The most satisfactory plug cock known to the author is the Westing- 
house construction, Fig. 30, which, almost from the beginning, has 
been a standard feature of air brake equipment. In view of its 
entire success there and the universally recognized defects of the 
common construction, it deserves general adoption. The handle 
is placed on the small end of the plug, pressure on the large end 
holding the parts in place and automatically taking up wear. The 
taper is 2 ins. per ft. measured on the diameter. For frequent 
service (rock drill throttle valves) the author has used the blunter 
angle of 3} ins. per ft. measured on the diameter in order to obtain 
greater ease of movement. In air brake service security against 
movement is of course essential. Note that there must be a hole 
through the end of the plug to admit pressure to the large end, or 
the plug will not seat itself. 
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Depth of washer below top of foundation = 50x diameter of bolt. 
(The washers are usually square.) 

A=diam. of bolt++4 in. (for 7 gin. bolts and smaller). 

A =diam. of bolt+4 in. (for r- in. to 24-in. bolts). 

A=diam. of bolt+ in. (for 23-in. and larger). 

B=width of nut or head across flats + 4 in. to 3 in. (square 
nuts or heads usually used on lower ends of bolts). 

C=8Xdiam. of bolt. 

D=.375 Xdiam. of bolt (not over r in.). 

E=.5 Xdiam. of bolt. 


Fic. 31.—Rack for bar stock. Fic. 32.—Foundation bolt washers. 


PRESS AND RUNNING FITS 


The tolerances and allowances suitable for running fits formed the 
subject of a report by the British Engineering Standards Committee, 
rendered in 1906. This report was based on an exhaustive investiga- 
tion, nearly 800 pieces of work from 13 engineering workshops 
having been measured in order that the final recommendations might 
fairly represent commercial work. The recommendations of the 
Committee were presented in both tabular and graphic form, the 
latter reproduced, by permission, in Fig. 1. 

The Committee define tolerance as “a difference in dimensions pre- 
scribed in order to tolerate unavoidable imperfections of workman- 
ship’; and allowance as ‘“‘a difference in dimensions prescribed in 
order to allow of various qualities of fit.” 

The Report also says in part: 

“For general engineering practice, the Committee have laid down 
three classes of workmanship, viz.: First class; second class; third 
class . For special cases in which a very high degree of 
accuracy is required, the Committee have laid down a class of work- 
manship having ‘extra fine tolerances and allowances.’ This class 
is carried up to 3 ins. in diameter and is intended for cases in which 
extreme accuracy is necessary. 

“ Por running fits the Committee are of the opinion that, wherever 
possible, the shaft should be the element more nearly approaching 
the true dimension, and allowance be made on the hole according to 
the class of fit required. The tolerances on the shaft are negative 
in order that it may never exceed its true dimensions. 

Limit gages adapted to such a system may conveniently be referred 
to as applying to a ‘Shaft Basis.’ The reverse system may be termed 
a ‘Hole Basis,’ and allowance is then made on the shaft. . F 

“In those cases where it is found necessary to adopt the ‘Hole 
Basis,’ the tolerances specified for shafts and holes respectively may 
still be employed, and the standard allowance applied to the shaft 
instead of to the hole, the minimum diameter of the hole being accu- 
rately its nominal diameter.” 

The allowance suitable for press fits may be obtained from Fig. 2, 
which was deduced by T. C. Kelly from records of over 800 such 
fits made at the works of the Lane and Bodley Co. (Amer. Mach., July 
20, 1899). The chart is for steel or iron shafts and cast-iron cranks. 
Steel cranks require much smaller allowances for the same pressures 
but for them no corresponding data are available. 

To use the chart select the curve which gives the ratio of the radial 
thickness of the hub divided by the diameter of the plug. Below 
the point of intersection of the plug diameter line with the selected 
curve read pounds. Multiply this reading by the area of the fitted 
surface in square inches and by the number of thousandths of an 
inch allowed for the press fit. The result will be the pressure in 
pounds required to force the plug home. 

Following is an example: Diameter of plug 8 ins., length of fit 
6 ins., diameter of hub 16 ins., press fit allowance .o2z0in. Required 
the pressure to force the parts together. 


Radial thickness of hub = 4 ins. ins. _ 
Diameter of plug =8 ins. 


Finding a point on the so per cent. curve opposite 8 ins. and tracing 
downward, we find 53 lbs. Area of fitted surface =8X3.1416X6 
=150 sq. ins., 53 X150X 20=158,000 lbs. 
=79 tons. 
The work from which the chart was deduced was of customary 
work manship—that is, turned shafts and bored holes. For ground 
shafts and reamed holes much smaller allowances must be used— 


not over half those suitable for turned shafts and bored holes. Simi- 
larly, turned shafts in reamed holes or ground shafts in bored holes 
should have three-fourths the allowance suitable for turned shafts and 
bored holes. For the best results the shaft should be tapered one-half 
the allowance. Otherwise it scours out the hole most at the 
entering end which leads to the poorest grip at the shoulder where 
the best is needed. 

The stresses in hubs due to press and shrink fits may be estimated by 
the use of Fig. 3, which is due to S. H. Weaver, supervisor of mechan- 
ical calculation of the General Electric Co., and is plotted from 
Professor Morley’s formula (Engineering, Aug. 11, 1911). The use 
of the chart is explained below it. The shaded portions cover 
customary dimensions. 

The taper press-fit system has obvious advantages over the custom- 
ary straight-fit system. As used at the works of the Westinghouse 
Machine Co., a useful simplification has been effected by a slight 
modification of the taper, due to J. B. Thomas, chief inspector of 
the works (Amer. Mach., Aug. 4, 1904). The change in the taper is 
from 7g or .0625 to .o6 in. per ft., or .oo5 in. per in., and from % or 
-125 to .120 in. per ft., or .o1 in. per in. measured on the diameter. 
The result of the change in the smaller taper is seen in Table 1 of the 
diameters at each successive inch of length of a hole of roins. diameter 
at the large end, the dimensions in the first column being carried to 
four places, while in the second they are carried to three, where they 
stop. 


TABLE 1.—DIAMETERS AT EAcH INCH oF LENGTH OF TAPER PRESS 


Fits 
Taper 3; in. per ft. Taper .06 in. per ft. 

Io Io 

9.9948 9.995 
9.9896 9.990 
9.9844 9.985 
9.9792 9.980 
9.9740 9.975 
9.9688 9.970 


The slight and otherwise unimportant change in the taper will 
be seen to lead to round figures for each inch of length, the figures 
in the second column being much more easily read from the microm- 
eter than those in the first, while, by subtracting from the large diam- 
eter five times as many thousandths as the piece hds inches of length, 
the small diameter is obtained directly, a result that, with the taper 
of 7; in. per ft., can be found only by calculation. 

Fig 4 shows a form of gage for large taper holes which Mr. Thomas 
prefers to full plugs. They are much lighter than full plugs and with 
them the holes can be gaged independently on different diameters 
and irregularities in the holes detected. Fig. 5 shows Mr. Thomas’s 
method of gaging the largest holes, the angle of taper being greatly 
exaggerated. At the left of the hole is a carefully made strip of steel 
with an upturned end and a row of holes down the center, spaced 
1in.apart. Thestrip is used in connection with an inside micrometer, 
as shown. The measurements are not made perpendicular to the 
axis, but as indicated by the dotted arc. One end of the micrometer 
being located by a hole in the strip, the other is manipulated precisely 
as though the hole were straight, the frequent spacing of the holes 
in the strip permitting the hole to be gaged for uniformity of taper. 
The dimension thus gaged at the large end is the one given on the 
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Fig. 2.—Allowances for press fits. 
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drawing as the true diameter—the micro- 
scopic difference between the dimension as 
called for and as made being of no importance. 

The allowance for pressing home is .or in. on 
all diameters from ro to 30 ins. 

The pressure required for pressing home is 
very variable, depending largely on the lubri- 
cant used. Thus, with fits of 22 ins. diameter, 
the pressure required was 139 tons with heavy 
white lead, 706 with castor oil, and 835 with 
engine oil, and, with fits of 30 ins. diameter, 
the tonnage, using heavy white lead, was 10 
and, with thinner white lead, 420. j 

The standard Westinghouse lubricant is 1 lb. 
of white lead to 14 pints of linseed oil, this 
being the mixture which was used with the 
heavier tonnage of the last case cited. 

The lubricant is far more effective with taper 
than with straight fits, due to the surfaces being 
entirely covered with it when they make contact. 
It is to this that the great variation when 
using different lubricants is due. 

One advantage of the taper fit is that the plug 
may be entered inits seat and the two com- 
pared directly, whereas, with parallel fits, the 
comparison can be made with gagesonly. Thus 
compared, the distance remaining for pressing 
home forms the best possible check on both 
pieces. Thus, with the taper of 005 In. per in. 
and an allowance of .or in. for pressing, the 
plug should enter the hole within 2 ins. of 
home, or, more generally, the distance by 
which the parts should not go home, when 
they are assembled without pressure, should 
be 1 in. for each five thousandths of pressing 
allowance. 

The slight taper does not in the slightest 
_ endanger the security of the work. 

The practice of the General Electric Co. in 
allowances for sliding, press and shrink fits is 
given in Fig. 6, by Joun Rmpexy (Trans. 
A.S.M. E., Vol. 24). Mr. Riddell said: 

“There are many things to be taken into 
consideration in laying out these tables and 
diagrams: First, the relation of length of bore 
to diameter. In our case the length of hubs 
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Divide the press or shrink fit allowance by the diameter of the bore and find the 
ratio on the bottom scale. From it trace up to the line for Radial pate miececot Bue 


diameter of bore 


and to the scale of the left where read the fiber stress in the hub. 


Fic. 3.—Hub stress for shrink or press fits on solid steel shafts. 


of armature spiders is sometimes several times the diameter; but 
the actual bearing surtace is about equal in length to the diameter, on 
account of recesses in the hub. Second, the outside diameter of hub. 
My diagram is laid out on the basis of the hub being twice the diame- 
ter of the shaft. Third, the nature of the materials. Fourth, how and 
where the parts are to be assembled; if they are to be assembled where 
a suitable hydrostatic press is available, more allowance can be made 
than if the parts are to be put together by the use of bolts and straps. 

“My diagram is based on actual experience extending over a 
number of years, and is eminently satisfactory. 

“There are five curves shown as follows: The left-hand one on the 
minus side of o line shows allowances for sliding fits. I mean by this 
such fits as are not loose or free like a running fit, but one that will 
just slide without any perceptible play. The next curve is on the 
right or plus side of the o line and shows exactly the same allowances 


PRESS AND RUNNING FITS 


for tight fits, for parts with light hubs, such as commutator shells, etc. 
The third curve gives somewhat greater allowances, and is used for 
steel hubs. The fourth is for our regular armature spiders having 
- solid cast-iron hubs. The fifth shows the amount we have found to 
be correct for shrinkage fits, and for such heavy articles as couplings.” 

These allowances for press fits of armature spiders are for assem- 
bling in the field where equipment of limited capacity must sometimes 
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fits for parallel shafts ranging between 1 and 1o ins. in diameter. 
The holes for all parallel fits are made standard, except for the un- 


avoidable variation due to the wear of the reamer, the variation from 
standard diameter for the various kinds of fits being made in the shaft. 
This variation is, however, not positive, but is made between limits 
of accuracy or tolerance. Taking the case of a press fit on a 2-in. 
shaft, for example, we find that the hole—that is, the reamer—is 

kept between the correct size and .oo2 in. below 


Fic. 6.-—The General Electric Co’s practice in allowances for sliding. press and shrink fits. 


be used. They are, therefore, smaller than the allowances that are 
customary in such work as engine cranks and crank pins. 
The practice of the General Electric Co. in allowances and tolerances 
for journal fits is given in Table 2. 
The practice of the Brown and Sharpe Mfg. Co. in allowances and 
tolerances for ground fits is given in Table 3, by W. A. VIAL (Trans. 
mA. 5S. M. E., Vol. 32). 
The practice of the Brown and Sharpe Mfg. Co. in allowances and 
tolerances for shafts rough turned preparatory for grinding, is given in 
Table 4 by W. A. Viatt (Trans. A. S. M. E., Vol. 32). 
The practice of the C. W. Hunt Co. in allowances and tolerances 
for fits is given in Tables 5, 6 and 7 (Amer. Mach., July 16, 1903). 
Table 5 gives all the particulars for press, drive and close or hand 


28 ARS8 a size, while the shaft must be between .oo2 and 
12 alec .003 in. over size. For a drive or hand fit the 
ass limits for the hole are the same as for a press 
oo fit, while the shaft in the former case must be 
i i between .ocor and .oo2 large and in the latter 
: between .oor and .oo2 small. 
Fe Table 6 gives in the same way the allowances 
R oF | for parallel running fits of three grades of close- 
Be ii nae ness. The variations allowed in the holes are 
2 not materially different from those of the pre- 
g Z| on ceding table, but the shafts are, of course, below 
A" instead of above the nominal size. 
mi Table 7 relates to a feature of the Hunt 
: Company’s practice, where the preferred prac- 
| en tice with press fits is to make them taper, the 
5 yi B C D iE —A Réadings from|Curve} taper used being the Hunt standard of 3 in. 
he | — oe Be = in diameter for each foot in length. With fits 
pee B | ‘02 |.004 | co7zs |, o156 of this character the usual practice is reversed, 
| g 002 | -00375]. 00725 | . o15 the variation in diameter being in the hole, while 
|_| . S| Me we. Woes ee ee] ne Slnetin os kept to standard size. The holes 
Lt 3 s x ‘oo |.0035 |.00675|.01975) @te made with standard reamers, which are 
% | [S| 2 S & 0017 |. 00325 | 0065 |.o1325] ™aintained at the standard taper, and in each 
qi | bo || 4 Rf ES 0017 |.o0325 |. 00025 |.o1275| © CaSe are sunk into the work to apoint determined 
é || rs : Sy inc eee hse Vis by Table 7 and defined by an adjustable stop 
| re | Jes yj Ky 0017. |-003 | .00575 | 0115 gage, which abuts against a machined face on 
ani | | E [8 @ s eae oie the work. A plug gage, shown in Fig. 7, is 
d slik FE; ey 0015 _|.00275].005 |.o125 | ground to the Hunt taper and to the exact di- 
2 2 ARIE | le’ a 0015 |.00275|.00475 |.ooo7s) + @meter at the zeropoint A. It is also graduated 
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a | | g Fa | Nearoe iocs ulate ican A taper of 33; in. per foot is, very closely, ro5o 
. D [| Ms Moo oie bcosos cowl cos in. for each 7g in. of length, and each division 
= g AS “oo12 | .00225|.00375 |.oo7s | on the scale thus represents very nearly 7090 in. 
[| o | | “oo1z |.o02 |.00325|.007 | difference in diameter. One of these intervals is 
Fool Noonmlliton3n|Moces called a ‘‘P”’ and is so entered on the drawings. 
| Yoo |Loor7s'|\vooss ||\-o0s75 All shafts for taper fits are turned to within 
| “001 1.0015 |.002 |.ooses| plus or minus qq'so in. of the nominal size at the 
~ 001 |.0015 |.0v175 | .0045 large end of the taper. The taper reamer is 
| 4 .001 _|.00125] . 0125 | .0035 then sunk in the hole to such a depth that the 
| ~|00075 |. 00075 |.o0075 |.00275| hole at the large end is small by an amount in- 
[ 000s |.0005 |.0005 |.0015 | dicated by the table. Thus for a 2-in. press fit 
the plug gage must enter the hole to sucha 
ss 3 S°SSSSSSSESSSAESRSSBBRARHSBS depth that its large end registers between the 6 
; ; Sea imc) Makai ~  NnikePaes one ee ere P and 7 P mark, indicating that the hole is 


between zoo and qo small. The parts are 


Taste 4.—Brown & Suarre Mrc. Co.’s Practice 1n TOLERANCES 
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FOR GRINDING 
Shae Not go on| Go on Size |Not go on| Goon Size | Not go on|Go on 
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HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


AND TOLERANCES FOR JOURNAL Fits 


Axle linings 


| Bearings 
| Journal for ry. 

3 Horizontal | Vertical Step motors 
ad | ax 4d 4¢ ag ad 
=O | G en oetert oat St 
Es af BE B& ae | g & 
Sa | Max.|/Se | Min. |72 | Min |" 2 | Min 2 |Min.| Pe 
Ze ‘ OF es o> oP o | o> 

& |diam ,/59 | bore, |r 9 bore, |-g 9 bore, 4 8 | bore,| 74 8 

a | ins. (S83! ins. ag ins. 's"g ins. |" reokcw che= 

are: Ea o| |B ao Bao Bao 
j= 8.8 285) 2.96 286 =88 
jg prd| ja BO | qZea aba asa 

2 375|.0005| 377| .00T| 376| .oo1 3755|.0005] .380] .004 

3 500! .0005 502/ .001}| 501| .OoT 5005|.0005| .505| .004 

£ 625 0005| 627 OOL .626| .oor 6255|.0005| .630}) .004 

3 -750| .0005 752) .00I| .751| .Oor| 7505|.0005| .755| .004 

t .875|.0005| .877| .00or 876| .oo1| 8755|.0005|; .880) .004 

I I.000|.0005| 1.002] .00I| I.00L} .001) 1.0005).0005/1.005) .004 

1k 1.125] 0005| 1.128] .OOI] ©.127| .O01| 1.126 |.0005/I.130] .004 

ri I,.250|.0005| 1.253] .OO1|] 1.252} .00I} 1.251 |.0005/1.255| .004 

13 I. 500/.0005| 1.503] .0OI| 1.502) .00I 1.501 |.0005/1.505) .004 

13 I.750|.0005| 1.753] -OOI|] 1.752} .OO1]-1.751 |.0005|1.755| .004 

| | 

2 2.000|.0005) 2.003) .001) 2.002) .001) 2.001 |.0005 2.005] .004 

2k 2.250|.0005| 2.253} oor] 2.252, .001) 2.251 |.0005 2.255) .004 

2k 2.500|.0005) 2.503) .00I| 2.503) .0o1 2.501 |.0005/2.505| .004 

23 2.750|.0005| 2.754] .002|) 2.753] .002) 2.7515 0005/2.755 004 

2) 3.000|.0005| 3.004] .002| 3.003] .002} 3.0015] .0005)3.005) .004 

34 3.500}.00r% | 3.504) 002) 3.504) .002) 3.5015 0005/3.507 004 

4 4.000|.001 | 4.005} .002) 4.004) .002| 4.002 |.001 |4.007| .004 

At 4.500|.001 | 4.505} 002| 4.504] .002| 4.502 |.00r |4.509| .004 

5 5.000.001 | 5.006; .002) 5.005] .002| 5.0025/.001 |5.009) .004 

st | 5.500|.001 | 5.507| .002] 5.505| .002] 5.503 |.00r |5.511| .004 

6 6.000|.001 | 6.009) .002) 6.005) 002 6.003 |.00r |6.or11 004 

a. 7.000|.001 | 7.OII 002) 7-006} .002) 7.0035].001 |7.012| .004 

8 8.000} . 001 8.012} 003) 8.006 003| 8.004 |.002 |8.013) .004 

9 9.000). 001 | 9.013] .004 9.007) .004) 9.0045|.002 |..... Jew eeee 
£0 10.006].0015|10.014| .005|10.007) .005|10.005 |.002 |..... Waevcacho 
II II.000|.00rs5|rr.015| .005/11.008| .005|r1.0055|.002 |.....|...... 
12 12.000] .0015|12.016| .005|12.008] .005|12.006 |.002 |.....|...... 
13 I3.000) .0015|13.016] .005,13.000| .005,13.0065|.002 |.....]...... 
14 |I4.000).00T5|/14.016] .005|14.0009| .005|/14.007 |.002 |.....]...... 
15 I5.000].0015|I5.016| .005)15.010 005|15.0075|.002-|.....|....-- 
16 16.000|.0015|16.016| .005;)16.010} .005|16.008 |.002 |.....]...... 
17 17.000}. 00L5|17:018] 2005/17.011| .005|/17.008 |.002 |.....|...... 
18 18.000) .0015'18.018| .005) 18.011 OO5| LS AOOS. | OOZ als an sie setetete 
I9 I9.000|.00I5/19.018| .005/19.012| .005|/19.008 |.002 |.....|...... 
20 20.000 .0015'20.018| .005 20.012} .005) 20.008 OOZM treatm ietsaen ere 
21 2T.000|..002 |2I.018| .005/21.013| .005/21.008 |..002' |......|/.....% 
22 22.000) .002 |22.020 OOS/22R01Si) ZOOS 22 3008.5 BOO2 We cnecus |r emeuete 
23 23.000/}.002 |23.020 008 23.013 .005/ 23.008 OOD erreur Waetaccues. 
24 |24.000).002 |24.020] .008)24.013] .005/24.008 |.002 |.....|.-.... 
25 25 OOO/MOO SU O20)) OOS re eienel |e aoa yee cesta ne le cA Bie ss 
26 26.000].003 |26.020] .008]...... Jove \eo Soc cclaeanelpencallon oxea 
27 27.000|.003 |27.022 OOS iste alae os Jovre estes ee e[e eee eter sees 

| 
28 |28.000).003 |28.022] .008]...... etarco-c Ihxcncecresercy hevarnenl bon ny fecoy|eis catia 
| | 
29 ZASy SOLS} | KOO ee AIOE SOO IScs oo olineccs|iaces o6¢ |ectaw.ce cite neta tooo caeorele 
| | | 

BOmmIGORCOOIEOO3 130.0271 BOOSIE. raha onl eee Heres ell Cages Weietstcae 
Bie | Ga OOO | BOREY |STRGE | HOA Condo clecboa|ladoncac|loosce oaoal coco 
32 |32.000].003 |32.024 010 se S| eet oe | Peaks Wezel neoreeten 
Bi 33.000; .003 |33.024 OHO) HAG Arcdfend, cree || ec NS Geen freee Phe eee 
34 34.000, OOS 1 SA O24 ly OT Olea: eee cale see eres ene eam a eeene ae 

| 
35 35.000) . 003 S35 OSA he SOLO rears atl mcceraeelllesoerg o-suelleeaeewe ee Oa else ean 
BOM ZOE OODIE003) |30.024" LO LO| meer eed eine ee | eee Besos onl ee a 
TABLE 3.—BROWN AND SHARPE Mrc. Co.’s PRAcTICE IN ALLOW- 

ANCES AND TOLERANCES FOR FITS 

RUNNING FITS—ORDINARY SPEED 
showey-in diamletemunca.4.6 2 «een 2+ OOO2 5 tOmO007/5 Small 
To 1 -in. diameter, inc. .00075 tO . 0015 Small 
oan, Glameter, INC. +.0 o,-4- asco <OODS | to oo2s Small 
Morzs-in. diameter, inc...+...-....24 0025 tomoo75 Small 
Piet idIMeLER INC. r.es «1+ -.2c9 AOOZS tO, OOS Small 


RUNNING 
To #4-in. 
To r -in. 
Mor25=ine 
To 33-in. 
To 6 -in. 
To 3-in 
To tr -in. 
To 2 -in. 
To 34-in. 
To 6 -in. 
To $-in. 
To r -in. 
To 2 -in. 
To 33-in. 
To 6 -in. 


FITS—HIGH SPEED, HEAVY PRESSURE AND ROCKER SHAFTS 


diameter, inc 


diameter gin Caan saree et 


diameter inca me eerie 


diameters eer 
diameteruncaen eee ree 


SLIDING FITS 


GIAIMeteT cn Caer eee nee 


diametet dina. ache eee 
diameter, Incasaea nee 


diameter, inc 
diameter, inc 


diameter, inc 


.0005 to ,oor 
,O0r tO .002 
.002 tO .003 
.003 tO .0045 
0045 to .0065 
00025 tO .0005 ‘ 
.0005 to .oo1 
OOD LOL O02 
3002) el, ©0355 
7003) | LO005 


STANDARD FITS 


diame ters nce eee eae 
CUEMTNEIG HNCs 525 Sus So ao ghd 
diameter sin Geena 


NMI NSN, WNC nn hab oo a0 6oa4 


Standard to . 
. 0005 
Standard to 
.OO15 
.002 


Standard to 


Standard to 
Standard to 


DRIVING FITS—FOR SUCH PIECES AS ARE REQUIRED 
TAKEN APART 


00025 


ool 


Small 
Small 
Small 
Small 
Small 


Small 
Small 
Small 
Small 
Small 


Small 
Small 
Small 
Small 
Small 


TO BE READILY 


To 4-in. diameter, inc......../..... Standard to .o0ez5 Large 
Town ein- diam eter winessay ewe OOC2 5) LOmCOO5 Large 
Moye s-ine diameter, IMGs eae OOO SILOM OOO 75 Large 
Dogs -in diameters Cee ae ee .00075 to .oo1 Large 
Tory -iny diameter, Inca. ae eee OO Lm COMIOOLS Large 
DRIVING FITS 
owes ine diameter nin cana nnn emer .0005 to .oo1 Large 
ANG ar Gul: Glens NOs 55 coc noecaans 1@Oe® UO .Gex Large 
MNO A> Si, ChEHANSWAS WINS. bs gee csocaces SCO2 WO COR Large 
Momsaine ciara teri Cheatin tari OOs mL OMIOOH! Large 
sony -inecdiameters licensee sre ee OCT mERLORIOOS Large 
FORCING FITS 
Now s-in. diameter inca. ase OOO7 SuLOMIOO LS Large 
ANGE Te ailnl, GENYES, TNC. oe hoa co en es oOORS WO sCeORs Large 
Toler-ins diam eterwin Gers aeeee ee OOZOmLOMOO Large 
Alor arson (ObeNaeWee, WNC. S, cas on baco Ac .004 to .006 Large 
Do Gs-inadiameter, macy ek. sek ee OR LON OOO Large 
SHRINKING FITS—FOR PIECES TO TAKE HARDENED SHELLS } IN. THICK 
AND LESS 
Mo) sainsdiameter,1mcy.cee eee ne eOCO25nLOm OOO5 Large 
Mom einadiamecterninc a [itt i OCOcmILOMOOT Large 
ANG Sy Shi, CMe a AWN ass canaoadnoo oCON WO) COUR Large 
lows lM drametery INC anne sei rs OOLo mE COM CO2 Large 
Powey-in= diameters lena ae OO2 MUONOOS Large 


SHRINKING FITS—FOR PIECES TO TAKE SHELLS, ETC., HAVING A THICK- 
NESS OF MORE THAN @¢g IN. 


AMO a2 Sin, 
To 2 -in. 
To 34-in. 
To 6 -in. 


To 3-in. 


. diameter, 


inc 
diameter, inc 
diameter, inc 
diameter, inc 


diameter, inc 


3 
.0005 tO .Oor 
.OOI1 tO .0025 
.0025 tO .0035 
.0035 to .005 
.005 tO .007 


GRINDING LIMITS FOR HOLES 


diameter, inc 


Louie diameter. nesesee eres 


To 2 -in. 
To 3}-in. 
To 6 -in. 
To 12-in. 


diameter, inc 
diameter, inc 
diameter, inc 


diameter, inc 


Standard to 
Standard to 
Standard to 
Standard to 
Standard to 
Standard to 


. 0005 
. 00075 
. OOT 

. OOTS 
. 002 

. 0025 


Large 
Large 
Large 
Large 
Large 


Large 
Large 
Large 
Large 
Large 
Large 


The limits given in the table can be recommended for use in the manu- 
facture of machine parts to produce satisfactory commercial work. These 


limits should be followed under ordinary conditions. 


Special cases should 


always be considered, as it may be desirable to vary slightly from the 


tables. 
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TaBLe 5.—Limits To DIAMETERS OF PARALLEL SHAFTS AND BusHINGS (SHAFTS CHANGING) 
Diameters sisi in. 2 ins. | 3 ins. | 4 ins. | 5 ins. | 6 ins. | 7 ims. | 8ins. | 9 ins. | ro ins. Formula 
rece fit | - Shaft + . 001 |-+ .002 +.003 |+.004/+.005 |+.006 |+.007 |4+.008 |+.009 |+.o010 | +(.oor d+.o00) 
ae + .002 |+.003/+.004 |+.005/+.006 |+.007 |+.008 |+.009 |+.o10 |+.o11r | +(.001 d+.oor) 
> Shaft + .0005|+ =o01|+ . 0015 + .002|+ .0025]+ .003 |+.0035/+.004 |-+.0045 + .005 +(.0005 d+.oo0) 
i+ .0015|+ .002)/-+.0025 +.003/-+.0035/+.004 |+.0045|/-+.005 |+.0055 +.006 | +(.0005 d+.oor) 
nd it | Shaft |—.00r |—.001]/—.00r |—.002/—.002 002 003 .003 |—.003 |—.003 
ar a pena —.002 |—.002/—.002 |—.003)—.003 |—.003 |—.004 |—.004 |—.004 |—.004 
| | 
Mie... ..| Hole foe eaSeg rece | + .000)+ . 000 =+-.000 j|=-.000 |-+F.000 |=. 000 | +208 
: i obi = .002 |—.002|—.002 |—.003/— . 003 003 |—.004 |—.004 |—.004 |— .004 ; 
TaBLe 6.—Liuits TO DIAMETERS OF PARALLEL JOURNALS AND BEARINGS (JOURNALS CHANGING) 
4 Diameters | | x in. _| 2 ins. 3 ins. | 4 ins. | 5 ins. | 6 ins. | 7 ins. | 8 ins. 9 ins. | fo ins. “Formula 
Close fit Shaft \— .003 |— .004|— .005 |— .006|— .007 008 .009 |—.0Or0 .OIL .o12 | —(.0oo1 d+.002) 
4 Oe ee | Seer, —.oo05 |—.006|/—.007 .008 | — 009 .O10 (ork | .o12.|— 01g |—e14 | —(oo1.d4= mo4) 
eee | hae — .008 — .009 — O10 .orr|—.o12 O13 .014 |—.015 |—.016 |—.017 | —(.001 d+.007) 
en fa Olen Olt ais OLA .OL5 .o16 .O17 .o18 |—.019 |—.020 | —(.0o01 d+.oro) 
| 
eee ase — .023 fancee — .029 |—.032)/—.035 .038 |—.041 |—.044 f= O47 ol 1059 —(.003 d+.020) 
—.028 |— .031|/— .034 .037 —.040 .043 |—.044 |—.049 |—.052 |—.055 | —(.003 d+.o25) 
All fits Hole + .00o + .000 + .000 +.000'+.000 |+.000 |+.000 |+.000 + .000 (+ 000 
eae eee Us +002 |=.002]/—.002 |—.002 —. 003 |—.003 |= .003 |= +904 || —..004 |= .004 | 
TaBLE 7.—Liuits TO DIAMETERS OF TAPER SHAFTS AND BusHINGS (HoLEsS CHANGING) 
Diameters | ie: in. | 2 ins. 3 ins. | 4 ins. | § ins. | 6 ins. ea ins. | 8 wae, lo ins. ro ins. | Formula 
=< Pi) 6 Pi—, BP |=s P io 2 iro Par Pe P13 POP —(Pd+4 P) 
es ft baer =6P | =7 Pj—8 P |—9P |—o P |—rr P |—12 P |—13 P |—14 P |—ry P —(Pd+s5 P) 
—3P | —I Plax P |—2P |—23 P |—3 P |—33 P |-—4 P |—4} —s5 P —(%} Pd+o) 
ILO SM eax a vere eka te Hol 5 | | z | 2 | | 2 2 
ae Ht (Me) a1) -2P-2}P |-3P |-3} P |-4 P —4}P |-5 P |-s}P -6 P —(} Pd+P) 
| | | 
| | | | 
a =. || are [SPO +O Aro +o +o +o +o ito -++o 
eee sey, “Hole SP ele Pete ipegoue wh leew Pelee ee eee ee ee HP repo ty 


then pressed together until the true sizes match—that is, in the case 
of the 2-in. fit, the parts would be pressed between 75 and 4 in. 

In case the shafts and wheels thus fitted are not driving members, 
no key is used, the grip of the press fit being found to be all sufficient. 
In case they are driving members, the shaft is keyseated for one 
or more Woodruff keys, the key being placed in position before the 
parts are pressed together and being entirely hidden work the work 
is done. 

In all cases the tables apply to steel shafts and cast-iron wheels or 
other members. In the right-hand columns of the tables the formulas 
Fic. 7.—C. W. Hunt Co.’s gage for taper press fits. from which the allowances are calculated are given, and from which 

the range of tables may be extended. 


BALANCING MACHINE PARTS 


Balancing Rotating Parts 


wo states of perfect balance must be distinguished—standing or 
static and running or dynamic balance. Standing balance insures 
running balance in the case of thin disks but not in the case of long 
drums, multiple-throw crank shafts or similar pieces. 

The method of obtaining standing balance by means of a rolling 
mandrel supported on a pair of straight-edges is too well known to 
need description. It is adequate for many cases but is not sufficiently 
delicate for high speeds. 

The importance of accurate balance in high speed machinery is 
shown by the fact that a weight of 1 oz. rotating at 3600 r.-p.m. at 
1 ft. radius produces an unbalanced centrifugal force of 276 lbs. 

Greater sensitiveness than that of the common parallels is char- 
acteristic of the fixture shown in Fig. 1, by the L. A. Goodnow 
Foundry Co. (Amer. Mach., June 16, 1910) by whom it is used for 
balancing fly-wheels. It consists of two large, turned cast-iron 
cones, slightly truncated, through which passes an eye bolt having 
a pivot point projecting downward within the eye, and a large link 
threaded through the eye, having a bearing for this pivot joint. 

The turned fly-wheel is supported in a horizontal position, held 
by the two cones entering the bore from either side. Because of 
the point of suspension at the top, the fly-wheel is free and can take 
any position, depending upon whether it is in balance or out of bal- 
ance. If it is out of balance, that fact is easily determined by a 
spirit level on the edge of the rim balanced by an equal weight op- 
posite. Weights are then applied to bring it into a truly horizontal 
position. After this has been done the weights are weighed and a 
line is scratched on the inside of the rim indicating the point where 
weight should be applied and its amount. 


Another standing balance apparatus of high sensitiveness is shown | 


in Fig. 2, by P. Fenaux (Amer. Mach., July 30, 1908). Although 
giving standing balance only, it appears to be adequate for small 
drum-shaped pieces revolving at high speed and it was, in fact, 
designed for the small armatures of electrically driven phonographs. 

The apparatus consists of a base A with two supports B for the 
axle C. The supports are of hardened tool steel and of such shape 
that the knife-edges of C bear on two points only. The balancing 
part is formed of two flanges D connected by C and the counterweight 
E, of such weight that it will balance the armature of the smallest 


weight. The armature is placed in the notches of the flanges. The 
pin F is used for noting the position when balancing. One of the 


flanges is lengthened by a rod, threaded and ended by a point. 
This point comes in front of an index fixed on the plate A. To- 
ward the end, on each side of the rod G comes a small rubber stop 
H. The upper one is fixed on a rather stiff spring K; the lower one 
on a spring L supported by along spring M@. On the rod are screwed 
three nuts. 

The centers of the armature and of D are above the edges of the 
knives, thus bringing the center of gravity of the system above the 
points of support, so that the smallest difference on one side or the 
other will produce a large movement of the point of G. The arma- 
ture to be balanced is put in the notches with a slot in line with the 
top of the pinF. The lower stop is lowered and the point is brought 
in line with the index by moving WN, one of the nuts. Then the 
armature is moved half a turn. If in this new position the point 
has a tendency to go under the index, that means that the side of 
the armature next the pin is too light, and the side first placed there 
is to be drilled. Leaving the nut WN as it ig, one of the two others is 


moved, so as to bring the point again in line with the index, and this 
movement indicates, by comparison, to what depth the hole or holes 
must be drilled. If instead of coming down the point had pushed 
against the spring K, the reverse operation would have heen 
performed. 

The principle of Fig. 1 has been developed by the Westinghouse 
Machine Co. into the highly sensitive and accurate apparatus 
(patented) shown in Figs. 3-10 (Amer. Mach., July 13, IgIt). 


Fic. 1.—A sensitive standing balance fixture. 


Fic. 2.—A sensitve standing balance apparatus. 


This machine is used for giving a running balance to the rotors 
of Parsons steam turbines, its application for this purpose being due 
to the fact that if a long drum be divided into elementary disks by 
planes perpendicular to the axis and each slice be given a standing 
balance, the drum made up of the assembled disks will be in both 
standing and running balance. The rotor of the Westinghouse 
turbine is so divided, the disks being sufficiently thin to give an 
entirely satisfactory result. Theorectically, the customary balancing 
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fits the opening in E on one axis, it may be slid along the axis at 
right anglés across E, by means of the two adjusting screws K, as 
most clearly shown in Fig. 6. Beam £ rests upon knife-edges C, 
which in turn rest in self-aligning sockets in blocks F; these latter 
rest upon the main supports. H is a counterweight on rod G which 
is rigid with D. 

The operation of the machine is shown in Figs. 7 to ro inclusive. 
Assuming that the turntable and all the parts connected with it 
are first properly balanced, so that the upper surface of the turn- 
table will remain accurately in a horizontal plane during a complete 
rotation, the disk to be balanced is placed upon the turntable, most 
carefully centered with reference to the spindle and properly clamped 
in position. Four points, A, B, C and D, are located upon the 
periphery of the disk at 90 deg. from each other, at the same radius 
from the center of the spindle, and the hanging counterweight is 
so adjusted that the combined apparatus located upon the knife- 
edges will oscillate very slowly, indicating that the center of gravity 
of the combined mass be just below the plane of the knife-edges. 
The spindle socket is now moved along the beam by means of the 
adjusting screws until the beam is balanced in the horizontal posi- 
tion. This will bring the point X, which indicates the position of a 
vertical line passing through the center of gravity, into the vertical 
plane in which the knife-edges are located, as in Fig. 7. 

Next, the turntable is turned 180 deg., so as to bring the point X 
into the position represented in Fig. 8, and thus out of alignment 
with the knife-edges, in which position the beam will be deflected 
from its previous condition of balance. Sufficient weight should 
now be added at some point, as at D, to bring the beam again into 
the position of horizontal balance. The amount of weight added at 
this point D we may represent by x. 

The turntable is now turned go deg. and the beam moved by 
means of the adjusting screws until it is brought into the horizontal 
position, when the point X will be in the position indicated in Fig. 
9. The turntable is now given another movement of 180 deg. to 
the position indicated in Fig. ro and weight added at some point, 
as at C, sufficient to bring the beam again 
into the horizontal or balanced position. The 
amount of weight added at the point C may 
be represented by n’. It remains now to 


locate the line EF which lies in both the 
geometric center and the plane of the center 
of gravity. This may be done by determining 
the angle 9 which is made by the lines EF 
and AC. 

By equating moments about the axes and 
throwing out small factors which would not 
materially affect the result, the following ex- 
pression is obtained: 


in which v’ must be the greater weight. 
Then, the weight necessary to be added to 


point £ or to be taken away from point F 
equals: 


@ Knife Edges | Knife Edges Q,, Op 4cos. 6 n’, 
s A n’ being the greater of the two weights. 
Fic, 7. Fic, 8. Fic, 9. FIG. ro. 


Fics. 4 to 10.—Details of the Westinghouse balancing machine and of the 


method of balancing. 


straight-edges would give the same result, but actually they are not 
sufficiently sensitive. 

Fig. 3 shows a disk section in process of testing for standing bal- 
ance. The balancing machine consists of a turntable A, Figs. 4, 5 
and 6,so mounted as to rotate on spindle B in socket D. Socket D 
is supported by flanges resting upon open beam E and, while it closely 


The object of shifting the turntable so as 
to bring the center of gravity over the knife- 
edges is to secure just double the effect of the 
faulty balance .when the turntable is turned 
180 deg. This is indicated in the above formula by the factor 3. 

Final balancing of the turbine disks or sections is obtained by 
drilling at the points found by this method and in accordance with 
Table 1 giving the depths of holes of various diameters to remove 
certain weights of metal.. This table is obviously of equal applica- 
tion to any other standing balance apparatus. 


or 


The horizontal position of the turntable is determined by the 
pointer A and scale B, Fig. 3, the pointer being made to oscillate 
equally on each side of the zero point in the manner common with 
delicate chemical balances, thus eliminating even the small friction 
of the knife-edges. 

The complete problem of balancing the rotating parts of high-speed 
machinery is by no means a simple one. In addition to the fact 
that revolving parts, if of considerable length, may be, and often 
are, in standing without being in running balance, is the question 
of the flexibility of the supporting shaft. 

While it is necessary to include this condition in any complete 
discussion of the balancing problem, it may be omitted in all ordi- 
nary cases in which the shaft has the usual degree of stiffness. The 
only point needing discussion in order to make clear the putting of 
ordinary machine parts in running balance is that out of which 
grows the fact that such balance does not necessarily exist although 
the parts may be in perfect standing balance. 

Fig. 11 shows two balls a and b mounted on arms extended from 
a revolving shaft, the balls being of equal weight and the arms of 
equal weight and length, under which circumstances it is obvious 
that the system as a whole will be in perfect standing balance. If 
revolved at high speed, however, a centrifugal force ac will be gen- 
erated in the ball a and a corresponding centrifugal force bd in the 
ball b, and as these forces are not in line with one another, the net 
result as the piece revolves is a revolving couple which gives rise to 
vibration of the shaft. 

The correction of this condition of affairs is simple enough in prin- 
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ciple and requires nothing more than the addition of two counter- 
balance pieces e and f, equal in weight and radial distance to a and 
b, or of less weight and greater radial distance, or vice versa, such 
that the centrifugal force of the added pieces balances that of the 
original balls, respectively, and it is, moreover, obvious that the 
addition of these balancing pieces will not disturb the standing 
balance of the system. 

In actual revolving pieces which have been placed in standing 
balance we do not have plainly visible weights like the balls a and | 
b, of Fig. 11, but instead we have the fact that metals are not perfectly 
homogeneous. For example, two disks upon a shaft as in Fig. 12, 
although in perfect standing balance, may have heavy spots located 
at a and 6, which will obviously act precisely like the balls of Fig. 11, 
the placing of the system in running balance involving the addition 
of counterweights opposite the heavy spots, precisely like the counter- 
weights of Fig. 11. 

The same condition of standing balance with running unbalance 
may exist in a long drum, Fig. 13, the heavy spots being indicated | 
as before at ab. 

The difficulty of the problem lies in the fact that no test to which 
the parts can be subjected when at rest, on parallel strips for example, 
will give any indication of the position or weight of the heavy spots, 
nor is it possible to determine them by any known means. The 
placing of the parts in running balance consists of finding the posi- 
tions and weights of the counterweights which destroy the vibra- 
tions and between the weights and positions of these counterweights 
there may be an indefinite number of combinations, any one of 
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Intermediate weights may be found by adding together the de 
Example: 


pths of hole corresponding to the different weights that go to make up the whole. 


Suppose’the piece is out of balance—27.4 oz. and it is convenient to use a I-in. drill. 


The depth corresponding to 20 z.= 5.30 ins. 
The depth corresponding to 7 @2.=%_85 ins. 
The depth corresponding to 0.4 0Z.=0.10 ins. 


Totalis 7.25 


Deduct for point of drill 0.10 


in. 


Required depth of hole 


Depth of Hole 


BALANCING MACHINE PARTS 


which gives little indication of the positions and weights of the 
disturbing heavy spots. 

The method of putting revolving parts in running balance is thus 
explained by E. R. Doucias (Amer. Mach., Feb. 22, 1906). 

Theory helps at the start in one important particular. It shows, 
simply, that any unbalanced system of rotating bodies, mounted on a 
stiff shaft, can be balanced by two weights, located at proper radii in 
two planes perpendicular to the shaft. 

Moreover, of the eight factors involved, viz.: location of the two 
planes, amount of the two weights, angular locations of the weights 
and the radii at which they are placed, any four may be assigned at 
the start and the other four determined. This simplifies things 
greatly. . 

It is generally most convenient to fix the position of the planes and 
the radii of the weights by providing in the designs for two circum- 
ferential sets of balancing pockets, one near each end, and then de- 
termine the proper weights to be put in them and their angular 
locations. 

The first step is to find the high side of the rotating body, as by 
holding a piece of chalk against it. To be practicable, there should 
be a finished cylindrical surface somewhere near each end of the body 
preferably over the balancing pockets, and their trueness should be 
tested by turning the body over slowly in its own bearings while 
a lathe indicator or a surface gage is brought up to them. If not 
perfectly true a light cut should be taken off while still turning slowly, 
to make them so. These will then be the reference surfaces. A 
good material for marking is the chalk-like substance called kiel, 
either red or blue. It will show on iron, brass, or copper. A red 
or blue pencil will do. Ordinary chalk does not stick long enough 
to be of much use. 

Bring the body up to full speed, or as near it as the vibration will 
allow, and hold the kiel lightly against each of the finished surfaces. 
Shut down, and after coming to rest turn over slowly by hand, 
examining the kiel-marks carefully. It will generally be seen that 
one side of each finished ring is marked while the other is clean, 
showing in which way each end of the body was displaced in run- 
ning. Usually the positions of the high spots on the two ends will 
not be the same. Each high spot should have its middle point care- 
fully located and marked on the body near it by white paint or other- 
wise. It may be more convenient to locate the middle of the clean 
or low spot and take that of the high spot as directly opposite. 

At first thought it might appear that the high spot would indicate 
directly the position of the heavy spot, and that the balance weight 
should be directly opposite. This is far from the truth. Generally 
speaking, for any position of the heavy spot, the high spot may come 
anywhere around the circumference. Fundamental facts are these: 
The three things which determine the position of the high spot with 
reference to that of the heavy spot are momentum, elasticity, and 
friction of the parts which are in vibration. 

Consider the first alone. Suppose the body to rotate on a stiff 
shaft in bearings which are absolutely unconstrained and free to 
move in any direction, without friction of any sort. Momentum 
alone limits the motion of the body due to the unbalanced forces. 
Under this condition the high spot will come directly opposite the 
heavy spot. 

Consider the second limitation. Suppose the body to be with- 
out appreciable momentum (as by consisting entirely of a very light 
mass at a very lomg radius) and to rotate in bearings whose motion 
is restrained in every direction only by equal elasticity. The same 
conditions would result if it rotated on an elastic and very light shaft 
in bearings of great rigidity. Then would the high spot come 
directly over the heavy spot. 

Consider the third limitation. Suppose the body to be without 
appreciable momentum and to rotate on a stiff shaft in bearings the 
motion of which in every direction is limited entirely by friction. 
Then will the high spot come ninety degrees back of the heavy spot, 
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in a direction that is opposite to that of rotation. The results of 
these three conditions are illustrated in Fig. 14. 

Every body in rotation is affected more or less by each of these 
three factors. The location of the high spot will depend entirely 
on the relations between them. Since we do not know these we must 
once more resort to experiment. 

Tf it be practicable, rotate the body in the opposite direction and, 
having first removed the kiel marks with sandpaper, apply the kiel 
again. Slowing down, observe these new marks. It will generally be 
found that they are in a different position than the first ones. Since 
for opposite rotation the high spot should be displaced from the 
heavy spot by an equal amount in the opposite direction, the heavy 
spot must be half way between the two marks; on which side can be 
told only by trial. 

To determine this, first mark the new high spots with paint or 
otherwise in such a manner as to distinguish them from the first. 
Put lead balancing weights temporarily in the balancing pockets 
on both ends half way between the first and second marks. These 
weights should be of considerable size so as, if possible, to more than 
balance the heavy spots. Then come slowly up to or toward speed 
and, first having cleaned off the previous marks with sandpaper, 
apply the kiel again. If the weights are heavy enough and the posi- 
tion is right the new high spots should be opposite to those first de- 
termined for the same direction of rotation. If they are not, either 
the weights are on the wrong side of the body and should be shifted 
just 180 deg., or the weights are not heavy enough. In either case 
a few trials and some common sense should reverse the marks. 

If it be impracticable to run in the opposite direction the case is 
not quite so easy. The process then is to apply weights of consider- 
able size on each end in any position, making them heavy enough 
to outweigh many times the original heavy spots. Then, coming 
slowly as far as practicable up toward speed, mark the new high 
spots. Their position with reference to the weights applied will 
indicate, if those weights be heavy enough, the general relation which 
holds in the body between a heavy spot and its high spot. It may 
need a few trials with the weights in different positions completely 
to verify this. When known, the positions of the original heavy 
spots, and of the weights required to balance them, are at once de- 
terminable. It will be advisable to prove the correctness of this 
determination by moving the heavy weights to the positions thus 
indicated and observing whether the marks are reversed, as they 
should be. 

Whichever method may have been pursued, the rest is compara- 
tively simple after the original marks have been reversed; for the 
correct position of the balance weights has then been found and it 
remains only to reduce their amounts, a little at a time first one and 
then the other, until the correct balance, as shown by true running 
and absence of vibration, is obtained. The temporary weights 
may then be made permanent. 

It must not be supposed that the above process of balancing is 
rapid or easy. Many more trials than are described will have to 
be made, for purposes of verification and for other reasons, and bodies 
running as fast as steam turbines take a good deal of time in coming 
up to specd and slowing down. But any attempt to balance them 
without some rational line of procedure is time wasted, and that 
here described has given good results. 

It will be apparent that a rotating body in balance at one speed 
is also in balance at all other speeds. The prevailing impression 
to the contrary is due to the fact that unbalanced bodies have a 
speed of maximum vibration, at which the vibration may be violent, 
although above or below it the vibration may be comparatively 
mild. This speed is nothing more than that at which the rotations 
of the body synchronize with the natural period of vibration of 
the supports. Parts that are but slightly out of balance may re- 
quire a high speed for effective balancing but this is due to the 
necessity for magnifying the effect of a slight unbalance. 
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Everything so far with one exception has referred to bodies rotat- 
ing on very stiff shafts. If the shafts be long and slender, and so 
somewhat flexible, new conditions may enter. Under such condi- 
tions a number of heavy spots, located at different places along the 
body, may each cause a bend or kink in the shaft, somewhat as 
indicated in Fig. 15. Of course, where the body can be made up 
entirely of rings, separately balanced, the possibility of this is al- 
most completely removed, but this cannot always be done. In 
such cases it will not be sufficient to have a ring of balancing pockets 
at each end of the body, but other such rings must be provided at 
intermediate points. Unless the shaft be very flexible indeed, one 
or two intermediate rings should be sufficient; of course the shaft 
always should be designed to have as much stiffness as possible. 
Finished reference surfaces should then be provided as nearly as 
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Fics. 11 to 15.—Theory and practice of running balance. 


possible over each row of balancing pockets, -and kiel marks put 
on each to determine their high spots. The general methods of 
procedure are the same as with stiff shafts, but many more trials 
will usually have to be made before the balance is correct. 

The phenomena attending the rotation of loaded elastic shafts 
are of considerable interest. When such bodies are run, any slight 
unbalance, will, of course, set up a centrifugal force tending to bend 
the center of the shaft slightly out from the axis of rotation in the 
direction of the unbalance. As the speed and the centrifugal 
force increase the amount of this deflection also increases, but at a 
faster rate than the former quantities. A speed is finally reached 
at which the deflection would be indefinitely great, except that, 
of course, the shaft would break before this was reached if the 
constraint of the hub and bearings did not prevent it, or if the 
speed were not increased so rapidly that the shaft had no time 
to deflect to the breaking point. This speed is called the critical 
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speed of the shaft. Its value depends on the flexibility of the shaft 
and on the amount and distribution of the weights on it. 

If the speed be raised so rapidly as safely to pass the critical 
value, a curious thing occurs; the deflection, which, as already ex- 
plained, for light bodies rotating on flexible shafts in rigid bearings 
is in the direction of the unbalance, changes to the opposite side 
and, as the speed is increased, decreases in amount. If the speed 
be made very great indeed, the body finally reaches a condition of 
rotation about its center of gravity, the shaft being slightly bent. 

This is the state of affairs which obtains in the De Laval turbine, 
where the wheel is thin and comparatively light and the shaft long 
and flexible, so that the resulting stresses on the bearings are small. 
It is designed to run above its critical speed even if somewhat out 
of balance. 

Turbines of the Parsons and other types and turbo-electric gen- 
erators cannot, however, be made on this plan. Even when they 


Fic. 16,—The Norton running balance machine. 


can be made up of separately balanced rings it will sometimes happen 
that a slight unbalance will show after assembling, and with turbo- 
generators the case is worse on account of the wire windings which 
have to be put on them after the other parts are assembled. It 
is therefore essential to be able to give tham a final correct running 
balance. 

In order to eliminate, as far as possible, in this work, all unknown 
quantities, it is advisable to mount the body to be balanced, if pos- 
sible, in bearings which are unconstrained in at least one direction, 
by carrying the bearings separately on rollers, or suspending them 
from supports above, or otherwise, so that their sidewise motion 
may be as free as possible, and drive by a vertical belt. The kiel 
should then be held in contact on the horizontal diameter, At the 
start the speed should be only high enough to develop perceptible 
vibration and allow of marking the high spots. As the balance 
approaches perfection, the speed may be raised toward its full value 
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without difficulty. Means should be provided to hold the bear- 
ings at their proper distance from each other and prevent endwise 
vibration. 

Our own work is quite large and runs at from 1900 to 3600 r.p.m. 
We support it in babbitt-lined bearings which are cooled by water 
jackets on the outside and lubricated by a good grade of oil fed in 
at several points on each side of the bearing through small flexible 
tubes. These bearings we support elastically by resting them on 
cushions of rubber. 

Owing to the flexibility of the shafts and the weight which would 
be required in supporting frames for a perfectly free horizontal mount- 
ing, we are not able to work with negligible elasticity; hence we find it 
as convenient to include its effects in our tests, especially as we are 
easily able, by running first in one direction and then in the other, 
to make allowance for it. 

We drive by a light belt from an electric motor on the floor above. 
Having convenient means of varying the speed of this motor through 
a wide range and of using it as an electric brake when slowing down, 
we can run off tests pretty rapidly. 

We apply the keil on the vertical axis, holding it very lightly in 
the fingers and resting the hand on a light support over the rotor. 

We find it necessary, in order to get the most accurate results, 
to grind the reference rings over the balancing pockets by a small 
motor-driven entrery wheel, while the work is turned slowly in its 
own bearings, which are blocked rigidly during the job. If the 
lathe work has been carefully done, this is not a long operation, as 
the reference rings do not need to be over } or 1 in. wide. The 
surface left by the emery wheel is also excellently adapted to retain 
the lightest touches of the keil. To preserve this surface, we clean 
the marks off with benzine rather than with sandpaper. 

The methods described by Mr Douglas may be carried out most 
expeditiously by the running balance machine of the Norton Grind- 
ing Co., Fig. 16 (Amer. Mach., Dec. 16, 1909), and by it the theoretical 
principles of running balance have been experimentally proven (Amer. 
Mach., Aug. 11, 1910). 

The piece to be balanced is carried at each end on four rollers 
which are mounted in suitable cradles and carried on the upper 
ends of inverted pendulums. The lateral motion thus provided is 
limited by rubber disks through which the pendulum rods pass. 
Multiplying vertical pointers, plainly shown, are so connected with 
the rods as to vibrate with them and to magnify the vibration to 
the eye. Adjustable scriber points are provided, the markings being 
made more distinct by coating the shaft with red paint. The 
machine includes an electric motor together with a friction disk drive 
by which the speed may be varied and the direction of motion be 
reversed for reasons that have been explained by Mr. Douglas. 

Among other things the machine has demonstrated that high- 
speed rotating parts should be so designed that they will not distort 
from centrifugal action, if rotated free at any speed at which they 
may run in use, and thus destroy a state of running balance. 

Mr. Norton has found cases in which the ordinary four-throw 
automobile crank shaft bends something like 3g in. at the low speed 
of 1200 r.p.m. 


Balancing Reciprocating Parts 


For the position of the center of gravity of counterweights of 
usual forms see Center of Gravity. 

Reciprocating parts driven by a crank and connecting rod may be 
balanced in the direction of the reciprocation at the expense of unbal- 
ance in a direction at right angles thereto. To do this, consider the 
mass of the reciprocating parts, including all of the connecting rod, 
as concentrated at the center of the crank pin and calculateits centrifu- 
gal force. Then a mass, added on a radial line opposite the crank 
pin or subtracted on the side of the crank pin, which will generate an 
equal centrifugal force will balance the reciprocating parts in the 
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direction of reciprocation. At the same radius as the crank-pin 
center, the weight should obviously equal that of the reciprocating 
parts. At any other radius the weight is inversely proportional to 
the radius—the radius being understood to be that of the center of 
gravity of the mass 

This mass will give perfect balance in the direction of the recip- 
rocation with a Scotch yoke or slotted cross-head. With a connect- 
ing rod it gives a slight overbalance at one center and a slight under- 
balance at the other, the result being the best that can be obtained. 

The center of gravity of the counterweight, for perfect results, must 
be in line with the center of the piston rod which, in center-crank 
engines, can be secured by dividing the weight equally between the 
two cranks. In side-crank engines there must be a slight offset 
with a resulting negligible horizontal twisting moment. In slow- 
speed engines it is frequently impracticable to place sufficient counter- 
weight in the crank disk because of lack of room. Such engines do 
not commonly require balancing but, when necessary, satisfactory re- 
sults have been obtained by placing as much of the counterweight 
as possible in the crank disk and the remainder in the fly-wheel. 
For a applicationn of this plan to large Corlies engines see a paper, 
Counterweights for Large Engines, by Dr. D. S. Jacosus in Trans. 
A. S. M. E., Vol. 26. The final result was a considerable hori- 
zontal twisting moment but a nearly complete stoppage of serious 
vibrations. 

In horizontal engines the provision of a suitable counterweight 
in the crank disc balances the parts in a horizontal direction but it 
introduces a tendency toward vertical vibration equal to the tend- 
ency toward horizontal vibration with no counterweight whatever, 
and this tendency must be resisted by the foundation. 

In vertical engines, on a proper foundation, the perfect balance 
with this arrangement is vertical, where it is not needed, while the 
unbalance is horizontal where it does harm. Such engines are best 
when entirely unbalanced, as that arrangement leaves the unbalance 
vertical where it is resisted by the foundation. 

Reciprocating parts driven by more complex mechanism than 
a crank and connecting rod, may be balanced in the direction of 
the reciprocation, at the expense of unbalance in a direction at right 
angles thereto. The application of the method to a rock crusher 
is thus explained by Pror. O. P. Hoop (Amer. Mach., Nov. 26, 1908): 
The crusher balanced was located in a rock house of a Lake Superior 
copper mine, where the elevation of the crusher above the ground 
led to an actual horizontal vibration of the rock house of .22 in., 
which was reduced to a negligible amount by the method described. 

It is now feasible to run crushers of the type described at any 
reasonable speed without the danger of racking the building or re- 
quiring unusually heavy construction to resist useless forces. 

The problem was as follows: 

A mass of approximately 8 tons vibrated 175 times a minute 
through a short path, the nature of the vibration being determined by 
an eccentric revolving at a uniform speed, a pitman, toggle joint 
and swinging jaw. Is the nature of this movement such that a 
rotating weight, properly placed, can balance the inertia of the 
swinging jaw and parts moving with it? The forces which move 
the jaw must react against the frame and building to which it is 
attached and move the mass of these to produce the vibration. To 
find the amount of force it is necessary to find the velocity of the 
moving jaw, from which we can find the acceleration of the mass. 

Fig. 17 shows diagrammatically the arrangements of parts of a 
crusher although very much distorted. Let BB’ represent the 
path of the eccentric crank, AB the pitman articulated at A to the 
two links AC and AD. Link AC abuts against the frame at C and 
the point D is constrained to move about ZH as a center, or prac- 
tically in the direction ED. As the eccentric revolves, the point D 
(a part of the jaw DH) has a small motion which crushes the rock 
against the frame. The character of this motion is readily found 
by finding the position of D for several positions of B, as shown in 


dotted lines at B’A’D’. An inspection of this diagram shows that 
A moves about C as a center and also relatively about D, so that if 
the eccentric circle be drawn AB” FG and arcs AF from C and AG 
from D as a center, the distance, as A’K between the two arcs oppo- 
site any point in the circle as B’’ measures the distance the point 
D has moved from its inner position. Thus A’K is equal to D’D, 
and this corresponds to the position of the crank shown at B’. 

In the actual crusher under consideration the eccentricity OB is 
Zin. AB 37 ins, -A.Cer ins., AD 23 ins.wiA 35 ins. JiHe3 Ans. 

The jaw movement and the eccentric circle are so small that it 
is well to magnify the movement image, as in Fig. 18, where the arcs, 
AF and AG are drawn properly in proportion to the eccentric circle, 
which is here marked into 1o-deg. spaces. Since the eccentric 
revolves uniformly these 1o-deg. spaces are passed in equal times 
and, when plotted in Fig. 19, as horizontal distances, represent time. 
Laying off vertically in Fig. 19 the several distances similar to A’/K 
for each angle of the eccentric, we find the curve OJ, whose distance 
from the axis OX represents the jaw movement magnified. The 
actual maximum jaw movement was found to be .484 in. and this 
is represented in the diagram by XJ, which measures 1.95 ins.,} 
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portion to the acceleration which is the rate of change of velocity. 
From the velocity curve we can find this acceleration by drawing 
tangents as before. To illustrate, at the 60-deg. point the velocity 
changes at the rate shown by the tangent L’M’ and in the time 
L'N’ would change the amount M’N’. Plotting these values of 
M’'N’ for each of the points of the velocity curve we have the ac- 
celeration curve RK’S. When the velocity is the greatest, and 
before it begins to decrease, the velocity is unchanging for an instant, 
therefore there is no acceleration as shown by the curve RK’S having 
a zero value at K’. Up to this point the jaw has been increasing in 
velocity and, therefore, requiring a force to make the change, but 
after passing K’ the jaw velocity is decreasing and it now requires a 
force to stop it. This must evidently be in the opposite direction 
to the first force and is, therefore, shown below the line OX. Since 
the forces required are proportional to the acceleration, the curve 
RK’S must also represent to some other scale the forces tending to 
shake the machine in the line of direction of the movement of the jaw. 

That particular point on the jaw, whose movement has the same 
effect as if all the moving mass was concentrated at that point, is 
called the center of gyration which is measured from the point H 
about which the jaw swings. By com- 
putation from the drawings of the 
section of the casting this was found 
to be 44 ins. from the center, and here 
the velocities would be greater than at 
D in the proportion of 44 to 37, or 19 
per cent. more. 

The scale of the curve RK’S can be 
found from the triangle L’M’N’, where 


90 100 


Fic. 17.—Diagrammatic arrangement of 
crusher parts. 


therefore, r in. in hight of the diagram represents .248 in. of jaw 
movement. From the curve OJ we can find the velocity at any 
point, for the velocity is the rate at which the jaw is changing its 
position, and by drawing tangents as LM at the 4o-deg. point, then 
the vertical distance MN represents the distance the jaw would have 
traveled while the eccentric was moving the time LN, provided the 
rate had been uniform. The distance LN is taken as any conve- 
nient distance as 150 deg., but is taken the same for each point on 
the curve OJ. Plotting the MN distances with time as the base 
gives the curve OVX, which is the velocity curve of the jaw. The 
scale of this curve can be found from any of the triangles LM JN, 
for the time is given by the constant base LN and the space by MJ, 
the velocity being equal to the space divided by the time. The 
distance MN measures 1.74 ins., which equals 1.74 X £248 =.431 in., 
movement of the jaw. It is convenient to assume one revolution 
per second for the speed so that since the base LV =150 deg., the 
time will be 150+360=.417 sec. 

The velocity when running at 60 r.p.m. equals AG iy HT ePU 
ins. per sec. at the 4o-deg. point, and this is represented by the hight 
MN of 1.74 ins. One inch in height of the velocity curve, there- 
fore, represents 1.034 +1.74 X12=.05 ft. per sec. 

To change the velocity of a mass requires a force proportional to 
the amount of change of velocity made in a second, that is, in pro- 


1 The dimensions refer to the original drawing of which the engraving is a 
reduced copy. 


Fic. 18.—Diagram of magnified jaw 
movement. 


M’'N’=1.92 ins. This represents 
1.92X.05=.096 ft. per sec. as the 
velocity gained in the time L’N’. One- 
half second is represented by OX, 
which is 6.28 ins. long. Therefore, 
L’N’ represents .254 sec. The accel- 
eration is .096+.254=.384 ft. per sec. 
per sec. This is represented by aline 
M’'N’ 1.92 ins. long, therefore, each 
inch in height represents .384 + 1.92 =.2 
ft. per sec. per sec. acceleration. 

The maximum force required is evi- 
dently at the beginning of the jaw movement when the force is 
represented by OR. Here at 60 r.p.m. the acceleration is 47 
ins. X.2=.94 ft. per sec. per sec., which at the radius of gyration of 
the jaw will be 19 per cent. more, or 1.12 ft. per sec. per sec. The 
mass moved weighs 16,000 lbs. The force required to move this 
will be 16,000+32, equals 500, multiplied by the acceleration 1.12 
or 560 lbs. when running at 60 r.p.m. The force of acceleration 
will vary as the square of the velocity, so that it is no wonder that 
several such crushers will shake a building when run at 175 Ir.p.m., 
as many do, when the shaking force for each crusher amounts to 
nearly two and a half tons. 

From the curve of acceleration it is noted that this force is applied 
as a push to the building at the beginning of the jaw movement, 
growing less in amount until it reverses just before the quarter 
revolution. The force then becomes a pull on the building, reaching 
an amount about 72 per cent. of the maximum push, but keeping 
at it longer. From 180 to 360 deg. the acceleration curve would 
be symmetrical about the line JS so that there would be a push on 
the building for about 46 per cent. of the time, and a pull for 54 per 
cent. An inspection of the curve shows that it does not depart 
widely from that form which would be made by an unbalanced 
weight revolving with the eccentric. Such a curve would be a sine 
curve. 

Laying off OS’ equal to XS we will take a point T half way between 
S’ and R and assume this as the average force to be balanced, for 
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Fic. r19.—Graphical solution of the crusher balancing problem. 


if underbalanced at R it will be equally overbalanced at S. 
The curve JT” is readily laid in as a sine curve. To furnish this 
balancing force we can place a weight in the fly-wheel that can 
give the forces TT’, but this must be in such phase with the 
moving jaw that OT shall oppose OR instead of being in phase with 
it as shown. 

We find that there is a convenient place in the fly-wheel of the 
crusher where the counterweight mass will be about 2 ft. from the 
center of the shaft. Here the velocity at 1 r.p.m. will be 12.50 ft. per 
sec., and the force will be equal to the weight times the velocity 
squared divided by 32 times the radius in ft. The force OT scales 
480 lbs., if OR represents 560, so that the weight we seek figures 196 
lbs. Half of this can be put in each fly-wheel in such place that, as 
the jaw begins to move forward the counterweight will begin to move 
back. 

In the diagram Fig. 19, if we combine the curve RK’S and TKT’ 
we have the resultant curve WYZ. This shows that the shaking 
forces have been greatly reduced and their alternations have been 
doubled so that the smaller force also has a shorter time to produce 
movement before reversal. 

This resultant X YZ shows that a nearly complete balance could be 
had by adding to the single rotating weight here described a second 
weight rotating at twice the revolutions per minute of the main 
eccentric. If the inertia of this secondary weight was made equal 
and opposed to OW the final resultant would be nearly a straight 
line. The secondary weight would have to be geared to the main 
shaft with a gear ratio of 2 to 1, making a complication of parts not 
warranted or needed in the usual crusher installation, but still of 
possible value in extreme cases. 
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The Hooke Universal Coupling 


The Hooke universal shaft coupling, Figs. 1 and 2, does not, when 
used singly, transmit a uniform motion and, when two couplings are 
used to connect offset shafts, they are often so assembled as to double 
the irregularity of a single coupling, although, when correctly assem- 
bled, the irregularities neutralize each other and give as a final result 
atrue, uniform motion. Fig. 1 shows the correct and Fig. 2 the incor- 
rect arrangement. In the former the yokes of the intermediate 
shaft are in the same plane whilein the latter they are at right angles 
to one another. 

Itis also necessary that the angles between the intermediate and the 
end axes be equal. This follows as a matter of course if the end axes 
be parallel but otherwise it must be provided for. 

Actual constructions are shown in Figs. 3, 4, and 5. In Fig. 3 
the offsetting of the pivot pins to permit their passing each other 
introduces a small additional error. In Fig. 4, the bearing bushings 
are clamped in position and also locked by detent pins. In Fig. 5 
the cross takes the form of an external split ring, which holds the 
bearing bushings. The pivots are integral with the forks. The 
exterior of the forks and the interior of the rings are spherical to 
retain the grease. 

In comparing the movements of the two shafts two methods are 
possible (a) The angular velocities or (b) the angular positions of the 
shafts may be compared. The angular velocities of the two shafts 
are given by the equation: 

v cos A 
Vi-—sin 2A sin ?B 
in which V =speed of driving shaft, 
v=speed of driven shaft, 
A=angle between shafts, 
B=angle of rotation of driving shaft from position of shaft 
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Relative speeds of the driven shaft for various angles between 
the shafts have been calculated from this equation by EARL Buck- 
INGHAM (Amer. Mach., Jan. 16, 1913). The results are given in 
Table x and graphically in Fig. 6. 

The relative positions of the two shafts are given by the equation: 


tan C=tan B cos A 


in which A =angle between shafts, 
B=angle of rotation of driving shaft from position of 
shaft A, Fig. 1, 
C=angle of rotation of driven shaft from corresponding 
position. 
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Fics. 6 and 7.—Errors of velocity and position of the Hooke universal shaft coupling. 
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Mr Buckingham has also calculated the relative positions of the 
two shafts for various angles between the shafts by this equation. 
The results are given in Table 2 and graphically in Fig. 7. 


TABLE 1.—RELATIVE SPEED OF DRIVEN SHAFT— SPEED or DRIVING 
SHAFT = 100 
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leaves at G, depending upon the direction of rotation. Part of the 
circle HKQ is cut away at the left for clearing the arms of the star 
wheel. 

In using this movement, the designer may either determine the 
number of slots he wants in the star wheel, which will limit the rela- 
tive time of operation and the dwell of shaft A during one revolution 


Angle B Wncleemnetwecniehatie of shaft B; or he may settle approximately the relation between operat- 
of rota- ; . : 0 Printers 

eh ing time and locking time on shaft B, which will limit the number of 
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The Geneva Stop 


The designing of the Geneva stop is shown in Fig. 8 and explained 
as follows by E. Kwartz (Amer. Mach., June 8, 1911): 
Referring to the illustration, the driving roller His shown leaving the 


star wheel, after having turned the latter through part of one revolu- 
tion; or in the position of entering the star wheel for driving, if the 
direction of rotation is reversed. The round part HKQ, which 
may be cast in one with the crank disk O, is in position to lock the 
star wheel until the roller enters at G; or releasing it until the roller 


Suppose that the number of slots is determined, and one desires 
to find the relation between operating time and locking time during 
one revolution of shaft B. By formula (a) angle £ expresses the 
operating time in degrees. If it is desired as a fraction of one revolu- 
tion of shaft B, call this fraction Bi. 


aoe 
Then, Bi BE but from (0) 


oO 


B=180—a 
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: 360 
and from (a) cast pi 
360 
T8090 = 
Therefore, pees NS 
360 
or Bi=--5 (c) 
From formula (c) we may obtain 
N=;— (@) 


2—Bt 
This formula will give N only approximately, unless the answer 
should be a whole number. As N is the number of slots, it can, of 
course, be only a whole number, and Bz eventually must be made to 
correspond. 

Examples—Assume, first, that number of slots V is determined; 
360 
5 
(6), B=180—60=120 deg.; and from formula (c), Bi=}4—1}=1} 
revolution of shaft B, for operating time. 

Changing the conditions, assume Bi=4; that is, } turn of shaft B 
is desired to operate the star wheel. Then, from formula (d), 


I : 
N=; =4 slots required in the star wheel. 
aes 


say V=6. Then from formula (a), @= 60 deg. From formula 


It would seem logical 


2 
that four slots would give } operating time, but this does not hold 
for all fractions, as the next example will show. 


o) 
= 33; but, 


either three or four slots in star wheel and take B what it comes for 
this number. 

In most cases where this device would be used, one probably 
would start out by deciding upon a certain center distance, if this 
is not already fixed; then construct a semicircle DEFC upon this 


a 
center distance and lay out an angle DCE=~ Connect DE and 


draw line GD, extending it toward H, which will make an angle 
QDH = §, limiting the ends of the clearance cut QH of the locking 
circle. 

Radius r of the locking circle is somewhat a matter of choice. 
As a standard, the nearest sixteenth of an inch to the result obtained 
from expression: = DE—r#d, d being the diameter of driving roller 
may be taken. The shape of the clearance cut is found by tracing 
one arm of the star wheel on one piece of tracing cloth and the crank- 
pin roller, center of crank disk and circle HKQ on another piece of 
tracing cloth. Fasten these pieces with pins to the drawing board 
with their proper center distance, placing the crank-pin tracing on top, 
and rotate together, tracing the arm of the star wheel in different 
positions on the crank-disk tracing while turning over center D. 
Draw a curve QH that will clear these marks. The curve may be 
cast with a considerable clearance, but the end points H and Q should 
be located properly on the legs of angle (, as described. 


Distance DE=radius of crank circle=DC sin = To find the 


extreme radius of star wheel, make an accurate layout, and scale 


5 a 
distance CP; or calculate thus: CE=DC cos st Assume diameter 


of driving roller=d. Then, 


CP=.| (°) "4 (CE)? 


If an accurate layout is made, the calculating of CP is not necessary 

It will be seen from the illustration that the number of slots may 
not be very much less than 6 before the crank disk O will interfere 
with the hub of the star wheel. When such becomes the case, the 
crank disk will have to be placed on the opposite side of the star 
wheel. 
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Rock Arms and Link Work 


The length of rocker arms to divide equally the side vibration of the 
connecting link may be obtained from the formulas 


b+ 4c? 
 ——— 
4C 
a+v a? — b? 
=e 
2 


the notation being as in Fig. 9. 


| 
| 
| 
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| 
| 
| 


| 
le Sth 7A 
Fic. 9.—The length of rocker arms. 


Vibrating levers are frequently required to transmit a reversed 
motion along two parallel lines, with a given stroke along each line 
and a given distance apart. Let AB, Fig. 10, represent the stroke 
and center line of one motion, CD the stroke and center line of 
the other, and EF the vertical distance between them. To find 
the position of the central stud and length of the levers: Lay 
off EH=% stroke AB and FN=} stroke CD on opposite sides 
of EF, and draw HN. The intersection of HN with FE is the 
center of oscillation. Draw GK at right angles with HN andG 
and K are the middle and extreme positions of the upper pin. Draw 
MR at right angles with HN and M and R are the extreme and middle 
positions for the lower pin. This gives the length GO for the upper 
arm and RO for the lower. 

Solving the problem mathematically: 


5 ba 
= = tan @vand —— stan at 
l S 2 
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; o2 
and L=l+7 
Also, AUB 8 IBO) Se (CID) 3 TO). 


This gives a simple formula for computing the length of arms which 
will give an equal vibration on each side of the central line of 
motion. 

A problem in link work, which occurs in the layout of Corliss valve 
gears, together with its solution, by E. H. Berry (Amer. Mach., 
Aug. 13, 1908), is shown in Figs. rr and 12. 


Fics. rz and 12.—A problem in link work and its solution. 


Given the point O and the three positions OB, OC, and OD of an 
arm of known length swinging about O; given the point Q and the 
angles 6 and c; required the length of the arm QR and the length of 
the link BR. 

Solution: Draw QB and QC as in Fig. 12. With center Q and 
with radius QB draw the indefinite arc BB, with the same center, 
and with radius QC draw the indefinite arc CC;. Lay off the angle 
BQB, equal to the given angle c, and lay off the angle CQC; equal to 
the given angle b. Find the center TJ of a circle passing through the 
three points Bi, C; and D. Then QT is the required length of arm, 
and DT is the required length of link. 

When obstructions interfere with the rise and fall of the end of a 
vibrating lever, it may be made to travel in an approximately straight 
line by the construction shown in Figs. 13 and 14, by A. E. Guy 
(Amer. Mach., Apr. 21, 1898). The lever slides over a guide block 


263 


swiveled to a fixed point and is driven by an oscillating crank arm 
connected to its lower end. Mr. Guy has found that, assuming 
the upper end B, Fig. 13, to be guided in a straight line, when the 
angle 2@, Fig. 13, is as large as 75 deg., and OL =about one-third of 
OB, the path of the point £ is almost an arc of circle, and for 2a@=90: 
deg., which value may be considered as extreme for an ordinary 
lever, the curve coincides with the arc of a circle until near the ends 
E and E’, when it bends inward. 

Consequently if the point EZ, Fig. 13, is made to travel along the 
arc of a circle HA E’, the path of point B will be very nearly a straight 
line. It is easy to find the radius of the arc since it passes through 
three points whose positions are known. 

In Fig. 13 the lever is shown at its two extreme positions, BE, and 
B'E’. Draw AE, and at its middle draw the perpendicular DF, then 
DA is the radius of the arc. For many purposes this graphical 
method is sufficiently accurate, but for other cases the following 
equations may be used: 


-—11" 


Fic, 14. 


Fics. 13 and 14.—A straight line lever mechanism. 


In Fig. 13 let BE=a 
OE=b 
DA=r 
and we have tand= bein @ (a) 
a(r—cos @) 
b sin @ 
en ah (6) 


Since angle @ is known, the value of angle 9 will be easily found by 
formula (a) when the sine of 29 will be taken from trigonometrical 
tables and introduced in equation (0). 


The Ball Expansion Drive Stud 


The ball expansion drive stud, Figs. 15 and 16, invented, patented 
and largely used by the Link Belt Co., was by that company pre- 
sented to the mechanical public, without fee or royalty, through 
the American Machinist of Dec. 9, 1909. 

The illustrations show sections before and after driving. The 
rivet or stud is a plain piece of stock having a hole drilled in one end, 
with a chamfer surrounding the hole and then cut off from a bar of 
cold-rolled stock. 

A hard-steel ball, bought at a very low price from the culls taken 
from the balls selected by makers of bearings, and slightly larger than 
the hole in the end of the stud, is dropped into the hole ahead of 
the stud, which is then driven into place over the steel ball, as 
shown in Fig. 16. The chamfered end of the stud aids in closing it 
around the ball. 
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The amount of expansion on the lower end of the stud depends 
upon the difference between the diameter of the hole and that of the 
ball. The diameter of the hole in the end of the stud should be about 
three-quarters of the outside diameter, and the depth of the hole in 
the stud should equal the diameter of the ball. Excessive driving 
weakens rather than increases the hold. The depth of the hole in 
the casting should be about twice the diameter of the stud for small 
sizes and 1% times for large sizes, while the difference in diameter 
between the ball and the hole in the stud should be about # in. 

Tests have shown that 3%- and }-in. studs are about 20 per cent. 
stronger than bolts of the same diameter, and the average grip of 
a -in. stud is nearly equal to the breaking strength of a bolt of this 
size. 

These studs are greatly superior to screwed-in studs. They have 
been used by the Link Belt Co. with complete success in sizes up to 


Fic, 17. 
Fics. 15 to 18.—The ball expansion drive stud. 


Fic, 18 


Zin. Table 3 gives the dimensions for small sizes. While the ex- 
perience of the Link Belt Co. has shown complete security of the con- 
struction, the larger sizes may, if desired, be given a security which 
no one can question by the method shown in Figs. 17 and 18, by 
Proressor Sweet (Amer. Mach., Jan. 19, 1905). A simple wabble 
drill, Fig. 17, chambers the bottom of the hole while the ball expands 
the steel into the chamber, Fig. 18. 


TABLE 3.—DIMENSIONS OF EXPANSION DRIVE StuDS 


lie hoe | In. In. 
DiaimetenOrstuden eeree on oe. asa) % 4 3 
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Bie Omid nace Buds. fume ere. ae) ae aa ey 
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Balance Diaphragms 


The effective balancing area of a diaphragm, when opposed to a 
poppet valve with a knife-edge seat, has been worked out by JAMES 
CrarKk (Amer. Mach., Oct. 27, 1904). Referring to Fig. 10, he finds 
the effective area of the diaphragm to be expressed by the formula: 


effective area =7(R?+Ra— 2a”) 


in which R=outer radius of diaphragm, ins., 
a=radius of stem connecting valve and diaphragm, ins. 
To make use of the formula, calculate the area to be balanced, that 
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is, the annular area between valve and stem. Assuming, for example, 
the radius of the valve to be 3 in. and of the stem ¢ in., this area is: 


10-0 


which is to be equated with the formula for the effective area of the 
diaphragm giving: 


T 2 
AR = ye 
5 (R?+Ra—208)=7 5 
Ro Ra— 299 
or, GA 
I 
which, as a becomes: 
Ike Gp 
Rees ele 
1 64 


which, solved for R, gives 
R=1.185 or —.935 in. 


of which the positive value is the one available. 


ir Pressure 


| 


Required Dia, 
Fic. 19.—Effective balancing area of diaphragms. 


The formula of the preceding paragraph may be applied to the 
balancing of poppet valves with other than knife-edge seats by the 
consideration of the following paragraph. 


The effective pressure or equilibrium area of poppet valves, when. 


closed, formed the subject of an experimental investigation by Pror. 
S. W. Rosrnson (Trans. A. S. M. E., Vol. 4). These experiments 
showed the presence of a creeping film of steam in the valve seat, 
the pressure of which, beginning at the pressure of the high-pressure 
edge, decreases to that of the low-pressure edge and acts to partially 
balance the applied pressure. The result of the experiments was to 
develop a formula for the area of the surface which, multiplied by 
the applied pressure, eqauls the actual closing pressure, this area 
being the effective pressure or equilibrium area of the valve. For 
flat-seated poppet valves the formula is: 


ine (hah (RE) (a) 


in which d=diameter of the equilibrium area, ins., 
r =inside radius of valve, ins., 
R=outside radius of valve, ins., 
p1=pressure on inner area, lbs. per sq. in. abs., 
p2=pressure on outer area, lbs. per sq. in. abs. 


I 

Then cee md*(p1— pr») (b) 

in which P=total effective pressure of the valve against its seating 
surface. 

For conical seated poppet valves the slant height of the inner and 

outer cones are to be treated asr and R. These are to be substituted 
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in formula (a) and the value of d found. The cone is then to be devel- 
oped and such part of ¢ 7d? used as the developed cone is of 360 deg. 

Formula (a) applies strictly to non-elastic fluids only; but the differ- 
ences between calculated results from the formula and experimental 
results using steam pressure were small. 
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Fig. 21 relates to an earlier pattern, when the plates were made 
heavier and less dependance placed on the foundation. It, however, 
shows the character and dimensions of the foundation. Fig. 22 
gives a section of a floor at the same works used for erecting and 
testing but not for machining operations. Various details are shown, 

including the method of locating and supporting 


the rails while putting in the foundation. If the 
rails and beams are reasonably straight, no 
machine work, other than drilling, is necessary. 


Laying out Approximate Ellipses 


The layout of approximate ellipses by four circu- 


lar arcs may be facilitated by the use of Fig. 23, 


by S. J.. Texter (Amer. Mach., Feb. 6, 1908). To 
use the chart, find the length of the major axis on 
one side of the sheet and the length of the minor 


SPUN OOL:ET BuIseQ Fo WYSIOM 


axis on the top or bottom. Follow the correspond- 
ing horizontal and vertical lines to their intersec- 


tion and read on the curved lines or by interpolation 


the radius of the larger arcs. Then find the length 


of the minor axis on one side of the sheet, and the 
length of the major axis on the top or bottom. 
Follow the corresponding horizontal and vertical 


lines to their intersection and read on the curved 
lines the radius of the small arcs. In some cases 
it may be found more convenient to put in the 


small arcs by the cut and try method, as it is a 
simple matter to draw in arcs which will connect 
the large arcs and pass through the ends of the 


major axis. 


The layout of approximate ellipses by eight cir- 
cular arcs may be facilitated by the method shown 


in Figs. 24 and 25 (Amer. Mach., Mar. 18, 1909). 


Lay out the long diameter AB and the short di- 
ameter CD, Fig. 24, crossing each other centrally 


at F. Construct the parallelogram AECF, and 
draw the diagonal AC. From £ draw alineat right 


Fic. 20.—Dimensions of a section of cast-iron floor plate. 


Surface Plates 


- SSS ETN 
eye 


angles to AC, crossing the long diameter at H and 
meeting the short diameter, extended, if necessary, 
at G; H is the center, and AH the radius for the 
end of the ellipse; G is the center, and CG is the 
radius for the side. 

To get the third radius lay eff a base line AB, 
Fig. 25, of any convenient length, and divide it into, 
five equal parts by the points 1, 2, 3 and 4. At 
one end of this line erect the perpendicular AC, equal 
to the radius AH, and at the other end erect the 


Fic. 21.—Section of a floor plate foundation. 


Cast-iron Floor Plates 

The construction of cast-iron floor plates for use with portable 
machine tools, as practiced at the works of the General Electric Co., 
is shown in Figs. 20-22, by John Riddell, who originated this system 
of doing heavy machine work (Amer. Mach., Nov. 28, 1907). Fig. 
20 gives the dimensions of one section, which is planed and grooved 
on the edges, surfaced on top and provided with regularly spaced 
holes for pouring the grouting. 

The holes should be made of a size such that, with rags for packing, 
a piece of pipe about 3 ft. long may be inserted. Pouring the pipe 
full of grout produces a hydrostatic head which forces the grout 
under the plate and forms a solid bed for it. 


perpendicular BD, equal to the radius CG. Con- 
nect the upper ends of these perpendiculars by the 
line CD. From point 2 erect the perpendicular 2 F. 
The length 2 £ will be the desired third radius. 
With the compasses set to this radius find, by trial, 
a center J, Fig. 24, from which a curve can be 
struck which will be just tangent to the curves struck from the 
centers H and G. Lines drawn from J through H and from G 
through J will determine the meeting points of the different curves. 
From other centers similarly located the remainder of the ellipse is 
formed. In many cases one-half the major axis is a satisfactory 
value for the third radius. 

For narrow ellipses the radius AH with which the ends are formed 
should be lengthened as follows: When the breadth of the ellipse 
is one-half of its length lengthen AH one-eighth; if the breadth of 
the ellipse is one-third of its length, make AH one-quarter longer; 
if the breadth is one-quarter of the length make AH one-half 
longer. 


bo 
o> 
(=P) 


Arcs of Circles 
The radius of a circular arc of which the span and rise are given, may 
be found as follows: In Fig. 26, g being half the span, / the rise and 
r the radius, 


a 


a 
a 
2 


f= 


To lay off the length of a circular arc on a straight line; Draw the 


se - 9 - rte —--49""- 


fe-—-—49" -—+} 


We m qo. fg 
sys 


I 
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2 Rails for Floor Construction 


x ES 


: Spreader for 2 Rails 
Details of Spreader Blocks and Joint of Z 
Pa —_ A es ay 
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the length ab very nearly. The error of this construction and the 


law of its variation are the same as those of the one above. 
Both the above rules are due to PROFESSOR RANKINE (Rules and 
Tables). 

Circular arcs of large radius may be drawn by the instrument 
shown in Fig. 29. The pencil a is located at the extremity of the 
rise of the arc and knife-edged weights bd are placed at the extremities 
of the chord. The parts being then clamped in position, the pencil 
will trace a true circular arc as shown. 

A compass for circular arcs of large 
radius, which is not a makeshift, is 
shown in Figs. 30 and 31 by U. 
Peters (Amer. Mach., Oct. 12, 1899). 
The entire instrument is 25 ins. long 
and it will fit arcs of any radius up 
to infinity. It consists of the rod 
A, an assortment of metal disks D 
and Di, drawing pen holder P and 
weight g, Fig. 30. 

By placing on the rod A one disk 
D, of somewhat smaller diameter at 
a certain distance from the other D, 
it is clear that by rolling the instru- 
ment over a plane (by means of 
handle H), on the principle of rolling 
cones, every point of the rod will 


Joint Spreader 
for 2 Rails 


describe an arc of a certain radius. 


The relations between the desired 
radius R, Fig. 31, the distance a 


between the disk edges and the di- 
ameters d and d of the disks are 


Method 


Fic. 22.—Section and details of an erecting and testing floor. 


i 2 3 4 5 6 7 8 9 10 
9 9 
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oh 
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4 xe : 
4 
8 a3 3 
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A [eis * levee me a 1 


U i 2 3 4 5 6 7 8 9 10 
Fic. 23.—Laying out approximate ellipses by four circular arcs. 


chord ab, Fig. 27, and extend it. Make bc=4ab. Withcasa center 
strike the arc ad. The length dd of the tangent at b equals the length 
of the arc ab very nearly. If the arc is of 60 deg. the error is a 
little less than tga of the length of the arc, the error varying as the 
fourth power of the angle subtended. 

To lay off the length of a straight line on a circular are: Draw the 
arc tangent to the given line ab, Fig. 28, at a. Make ac=% ab. 
With c as a center strike the arc bd. The length ad of the arc equals 


given by the equation: 


ad 
Raid 


Fic, 25: 


Fics. 24 and 25.—Laying out approximate ellipses by eight circular 
ares. 


If the larger disk be of 4 ins. diameter, this becomes: 


4a 


R= 
4—d, 
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\ 


Fic. 26.—Calculating the radius of an arc for a given span and rise. 


Fic. 27. Fic, 28. 
Fics. 27 and 28.—Lengths of arcs and straight lines. 
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Addition of Binary Fractions 


The addition of binary fractions is usually made an unnecessarily 
laborious operation. They should be added in essentially the same 
manner as decimals, adding first those with the largest denominator, 
dividing the result by 2, setting down the remainder of 1, if there 
is any, and carrying the quotient to the fractions having the next 
smaller denominator. The following illustration will show the 
analogy between the processes of adding these and decimal fractions. 
Let it be required to add the quantities: 

4e+3it4ietset2stivetazt2i=? 

Beginning with the fractions having the largest denominator—32— 
we add them and obtain: 


3+5+0=3F=T5+32 
the 3 forming part of the answer and the 35s being carried to the 
sixteenths, which are next added, thus: 

8+7to=Havta 
the 3°; forming part of the answer and the 42 being carried to the 
eighths, which are then added, thus: 

12+3==f4+4 

the § forming again part of the answer and the { being again carried 
to the fourths thus: 


7+1+3=2=2+4 
Proceeding as before with the whole numbers we have 
2+4+3+4+2+1+2=18 
and, annexing the several remainders to the final 18, we have the 
answer 


18+i+3+as+37 = 1833 or 183 -+35 
the latter being the preferable method of expression on drawings. 
Standard Cross-sections 


Standard cross-sections for drawings in accordance with the rec- 
ommendations of a committee of the A. S. M. E., 1912, are given 


Fics. 30 and 31.—Compass for large circles. 


(4—d,)R 
or eS 
4 
from which Table 4 is obtained. 

Exam ple—Required the settings for an arc of 52 ft. radius. Con- 
sulting the table, the third change disk of diameter 3{¢ ins. should be 
placed on the rod at a distance Cag ft.=03 ins. 

TaBLeE 4.—DiIsK DIAMETERS AND SETTINGS FOR LARGE CIRCLE 
CoMPass 


Distance a between 


Radius i : 
Bok: | Se ° enue | steady and change disk 
or ag : | disk, ins. | 
R in ins ok aaitte || edges 
24to 96 2to 8} 3 a=t R 
96 to 384 8 to 32| 33 a=5 R 
384 to 1536 32 to 128} 316 a=e, R 
1536 to 6144 | 128 to 512 3et a=z}5R 


in Figs. 32 and 33. The author gives them, not because he believes 
in such conventions but because many others do, and if they are to be 
used at all uniformity is obviously desirable. The committee rec- 
ommend that subdivisions of any of the materials shown generically 
in Fig. 1, should be made by taking one of these standard cross- 
sections as a basis and making minor changes, but maintaining the 
general characteristics; or by writing on the standard section the 
name of the material. ‘To illustrate, the committee has subdivided 
concrete into concrete blocks, cyclopean concrete and reinforced 
concrete, as shown in Fig. 2; and also wrought steel into nickel, 
chrome and vanadium steels. 

In the author’s opinion the method shown in the lower right-hand 
corner of Fig. 32 is the only one to be encouraged. The others are 
nothing but hieroglyphs which require memorization by all concerned 
or the constant consultation of a key. The hieroglyphs are memor- 
ized by few and why they, with the necessary key, should be pre- 


ferred to self-explanatory English has never been explained. It is 
impossible to make such a schedule complete, as Fig. 33 will show, and 
resort must be made to simple English in the end. Why not use it 


inall cases? The whole plan is a case of system gone to seed. 


Cast Iron Wxooatit Tron 


Rubber, 
Vulcanite 
or Insulation 


Cane Brass 
or Composition 


Babbit or 
White Metal 


Puddle 
Sy 

Concrete Brick Coursed Uncursed Ashlar 
Rubble 


Original Filling Other 
Earth Materials 
Fic. 32 - Recommended Standard Cross section 


Rock Sand 


Concrete Cyclopean Expanded-Wire or 


oncrete Blocks 
Cc ete Metal Rods 
Concrete Reinforced 
Concrete 


Nickel Steel Chrome Steel Vanadium Steel 
Fic. 33. - Typical Subdivisions 


A. S. M. E. standard cross sections. 


Wrought Steel 


Filing Notes and Clippings 

Every engineer finds a systematic plan of filing and indexing notes 
of experience and clippings from technical papers a necessity. No 
technical paper is worth preserving entire, such preservation, in fact, 
soon defeating its own purpose by the bulk of unclassified information 
to which it leads. 

A satisfactory plan should embody the following features: (1) A 
minimum of pasting and indexing; (2) indefinite expansibility; (3) 
notes, clippings and references to books should be kept together; 
(4) all related information should be grouped together. 

Repeated publication in technical papers of methods of filing and 
indexing leads the author to include here his own method (Amer. 
Mach., March 11, 1909). It is an adaptation of the vertical filing 
system, a file box (containing one-half the alphabet) being shown in 
Fig. 34. 

The articles which it is desired to preserve are simply clipped out 
and folded to uniform size. A letter is written at the title of the 
article to indicate its place in the box, the clipping is dropped into 
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place, and that is all there is of it. The index letters on the clippings 
are necessary to insure their replacement where they belong after 
consultation. Many articles may be indexed under several heads, 
and unless the index letter is used an article is sure to be dropped into 
the wrong place at some time in the future. 

Notes are written on sheets of stiff squared paper, cut to the size 
to which the clippings are folded, which are dropped in place among 


the clippings. These sheets also serve for references to books and 


j 


-_—_ 


Fic. 34.—Index file for notes and clippings. 


for cross references to articles printed on the backs of others. As the 
collection grows, folders are used to segregate matter on various 
subjects and when the box is full its contents are divided between 
two boxes as in the illustration. _ 

The size of the box should be such as to take the standard 6 Xq in. 
page. Pages from standard 9 X12 periodicals require a single fold. 


Blue Print Solution 


1 oz. red prussiate of potash, 
3% OZ. water, 
% oz. citrate of iron and ammonia, 


3% Oz. water. 


Metallic Indicator Paper 


The paper should be sized with glue or paste, and zinc oxide, in 
powder, should be sprinkled on before the size is dry. When dry 
the paper must be pressed or rolled smooth. Running it through a 
photographic burnisher gives the best surface. 

For a pencil, use a brass wire with end rounded and buffed smooth. 
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PERFORMANCE AND POWER REQUIREMENTS OF TOOLS 


For the carbon content of steel suitable for various cutting tools, 
see Index. 


Power Constants for Lathe Tools 


The pressure on cutting tools formed the subject of an exhaustive 
investigation by F. W. Taylor and his associates (Trans. A. S. M. Iie. 
Vol. 28). Following are Mr. Taylor’s general conclusions regarding the 
tangential pressure of the chip on lathe tools when cutting cast-iron. 

(A) The total tangential pressure of the chip on the tool in cut- 
ting cast-iron of the different qualities experimented upon varies 
between the low limit of 35 tons (of 2000 lbs.) per sq. in. sectional area 
of chip for soft cast-iron, when a coarse feed is used, and 99 tons 
per sq. in. sectional area of chip for hard cast-iron, when a fine feed is 
used. ; 

(B) In cutting the same piece of cast-iron, the pressure of the chip 
on the tool per sq. in. sectional area of chip grows considerably 
greater as the chip becomes thinner, and slightly greater as the cut 
becomes more shallow in depth. The following are the high and low 
limits of pressure per sq. in. of sectional area of the chip when light 
and heavy cuts are taken on the same piece of cast-iron: 

Depth of cut % in.Xfeed .0328 in.: Total pressure per sq. in 
sectional area of chip, 128,000 Ibs. Depth of cut 23 in.Xfeed 1292 
in.: Total pressure per sq. in. sectional area of chip, 75,000 Ibs. 

(C) The same fact mathematically expressed is that in cutting 
the same piece of cast-iron, the pressure of the chip on the tool per 
sq. in. sectional area of chip grows greater as the thickness of the chip 
grows less in proportion to (thickness of feed) ?. 

The pressure of the chip per sq. in. of section also grows greater 
as the depth of the cut grows less in proportion to (depth of cut) 75. 

(D) The effect upon the pressure of the chip on the tool of a change 
in the thickness of the feed and the depth of the cut is the same 
for hard and soft cast-iron, and is represented by the same general 
formula, with a change merely of the constant. 

(£) In taking cuts having the same depth and the same feed, the 
pressure of the chip on the tool becomes slightly greater the larger 
the cutting tool that is used. This increase in the pressure follows 
from the fact that the larger the curve of the cutting edge of the tool 
the thinner the shaving becomes. 

Following are the corresponding conclusions regarding the tan- 
gential pressure on the chip when cutting steel: 

(A) The total pressure of the chip on the tool in cutting steel of the 
different qualities experimented upon varies between the low limit 
of 92 tons (of 2000 lbs.) per sq. in., and the high limit of 168 tons 
per sq. in. sectional area of the chip. 

(B) In cutting the same piece of steel, the pressure of the chip 
on the tool per sq. in. of sectional area of the chip grows very slightly 
greater as the chip becomes thinner, and is practically the same 
whether the cut is deep or shallow. The following are typical cases 
illustrating the relative pressures of a thin feed on the one hand and 
a coarse feed on the other: 

Depth of cut 35 in.Xfeed .ors6 in.: Total pressure per sq. in. 
sectional area of chip, 295,000 lbs. Depth of cut 33 in. feed 2125 
in.: Total pressure per sq. in. sectional area of chip 257,000 lbs. 

(C) The same fact mathematically expressed is that in cutting 
the same piece of steel, the pressure of the chip on the tool per sq. 
in. of sectional area of the chip grows faster as the thickness of the 
chip grows less in proportion to (thickness of feed) 5, 

The pressure of the chip is in direct proportion to the depth of the 
cut. 


(D) Within the limits of cutting speed in common use, the pressure 
of the chip upon the tool is the same whether fast or slow cutting 
speeds are used. 

(£) The pressure of the chip upon the tool depends but little upon 
the hardness or softness of the steel being cut, but increases as the 
quality of the seel grows finer. In other words, high grades of steel, 
whether soft or hard, give greater pressures on the tool than are given 
by inferior qualities of steel. 

(Ff) The pressure of the chip on the tool per sq. in. of sectional 
area of the chip depends both upon the tensile strength of the steel 
and its percentage of stretch, and increases both as the tensile strength 
and stretch increase; although a higher tensile strength has more 
effect than a large percentage of stretch in increasing the pressure. 

Mr. Taylor considers the most important conclusion resulting 
from his experiments on the pressure of the chip on the tool to be 
that tho gearing designed in lathes, boring mills, etc., for feeding 
the tool should be sufficiently strong to deliver at the nose of the 
tool a feeding pressure equal to the entire driving pressure of the chip 
upon the lip surface of the tool. 

The pressures on cutting tools may be determined from Figs. 1 and Be 
by H. L. Srwarp (Amer. Mach., Nov. 16, 1911), which represent 
the formulas developed by Mr. Taylor as follows: 


P=230,000 DFié 
P=CD%Ft 
in which P= tangential pressure, Ibs., 
D=depth of cut, ins., 
F=feed, ins., 
C=a constant which varies from 45,000 for soft cast-iron to 
69,000 for hard cast-iron. 


For steel, 
For cast-iron, 


Note that in Mr. Taylor’s experiments the pressures were measured 
at the tool and do not include the effort necessary to drive the machine. 
Below the charts will be found directions for their use. 


Power Constants for Twist Drills 


The torque and thrust of twist drills formed the subject of extensive 
tests by DEMpsTER Situ and P. PouraKxorr (Proc. I. M. E., 1909). 
The results have been plotted by W. T. Sears, Mech. Engr., Niles- 
Bement-Pond Co. (Amer. Mach., Sept. 5, 1912) whose charts are 
repeated in Figs. 3 and 4 from which the torgue and thrust of twist 
drills within their range may be obtained. The use of the charts is 
explained below them. 

The steel experimented upon was of medium hardness—.29 per 
cent. carbon, .625 per cent. manganese. 

Note that in the experiments the torque was measured at the drill 
and does not include the friction of the driving mechanism. 

Experiments on smaller drills in cast-iron only, were made by C. S. 
Frarey and E. A. Apams (Journal Worcester Polytechnic Institute, 
1906). The results for torque, after averaging, are presented in 
Fig. 5 (Amer. Mach., Feb. 14, 1907) together with those for thrust 
(Henry Hess, Amer. Mach., Apr. 25, 1907). The use of the torque 
chart is best shown by an example: 

For a -in. drill at a feed of 15 thousandths per revolution, raise a 
perpendicular from the infersection a of the size of drill, and the 15 
thousandths feed lines to the observation line. To find the height 
of the intersection, ab may be taken in the dividers and compared 
with the vertical scale of torques, or we may follow one set of diagonals 
to c, and the other to d, and there read 195 lb.-ins. 
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Drill Speed in R.P.M. Drill Speed in R.P.M. 
Size of Drill High Speed | Carbon Steel Size of Drill High Speed | Carbon Steel 


Steel Drill Drill Steel Drill Drill 
Steel Cast Iron Cast [ron Steel | cast tron | steel _| 
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TasLE 1.—Speed of twist drills. By H. M. Norris (Amer. Mach., July 20, 1911). 
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Pressvre on the Tool with Soft Cast Iron, Lbs. (C 
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Pressure on the Tool with Hard Cast Iron, Lbs. (C 
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Connect the depth of cut and the rate of feed and read the pressure on the tool from the middle scale. . 


Fic. 1.—Pressure on lathe tools when cutting cast-iron. 
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Feed, Ins, per Revolution for End Thrust 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


Outting Speed, Ft. per Min, 
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Feed, Ins, per Revolution for Torque and Horsepower 


Horsepower 


Enter the left, lower scale of feed per resolution of spindle for tongue and horse-power at the point representing the given feed; trace 
vertically upward to the fuwi/ curve of the given drill diameter; then horizontally from this intersection to the right, crossing the 
scale torque in lbs. at 1 ft. radius, from which the torque can be read; then continuing to the inclined line of the given speed. From 


this intersection trace vertically downward to the horse-power scale and read the horse-power required. To find the end thrust:. 


Enter the left upper scale of feed in ins. per resolution for end thrust with the given feed and trace vertically downward to the broken 
line representing the size of drill; then horizontally from this intersection to the left to the scale end thrust in lbs. from which the 
thrust can be read. To find the cutting speed: Enter the right vertical scale diameter of drill in ins. for culting speed with the given 
size of drill; trace horizontally to the left to an intersection with the line representing the given speed in rev. per min.; then ver- 
tically upward to the scale cutting speed in ft. per min. and read the cutting speed required. 

Fic. 3.—Torque, end thrust and horse-power of twist drills drilling cast-iron. 


As it is always permissible to use the results of a set of experiments 
somewhat beyond their actual range, the diagram has been extended 
in dotted lines to include drills up to 1§-ins. and feeds up to 30 thou- 
sandths—the full line portion of the diagram representing the field 
of the actual experiments, and the dotted portions the extensions. 
The length of ef, obtained by the dividers or by following the diag- 
onals as before, shows the torque for a 1-in. drill under a feed of 25 
thousandths to be 476 lb.-ins. 

In these experiments, also, the torque was measured at the drill. 
The chart for thrust is self-explanatory. 


Power Constants for Drilling Machines 


A very complete series of tests of the power consumed in drilling 
cast-iron from the solid was made by the Bickford Drill and Tool Co., 
and reported by H. M. Norris, mechanical engineer of the company 
(Amer. Mach., Sept. 18, 1902) and given here in Fig. 6. The tests 
were made on a No. 1 Bickford New Radial machine, the power 
being obtained from an electric motor. The horse powers given are 
the equivalents of the current readings and include the motor losses. 
Consultation of the chart will show a sudden increase of power con- 
sumption with the 1j-in. drill, due, at least in large measure, to a 
change in the driving gear train at this point by which the load was 
carried through an additional gear which causes the power consumed 
by the idle machine to increase from .24 to .8 h.p. 


The chart gives the relation between the feed and the total amount 
of power consumed for all the observations. The vertical scale 
gives the horse-power and the horizontal scale the feed in thousandths 
of an inch per revolution. The smaller figures just within the base 
line give the feeds actually used in the tests. The upper left-hand 
part of the diagram gives the data for the larger sizes of drills and for 
this a second set of horse-power figures is given. The figures for the 
feed are common to both parts of the chart. The dots which represent 
the data for the diffreent drills are distinguished from one another 
as indicated in the small table which appears on the chart. The data 
for the 3-, {-, 1-, and r4-in. drills form an extremely satisfactory and 
progressive set, but there is an abrupt change at the 14-in. drill 
for which we have no explanation. The line for this drill begins 
at the left about where it should to continue the series, but it runs 


at a much steeper angle and this change in the angle appears to repre- | 


sent a change in the law, as the lines for the larger drills are much 
more nearly parallel to the 14-in. line than to the lines for the smaller 
sizes. 

There is less appearance of a law connecting the different sizes 
in the upper part of the diagram than in the lower. 


themselves naturally enter into the data between different drills, | 


while those factors are, or may be made, constant in all tests on any 


The line for | 
the 2-in. drill is below the one for the t-in., but the 24-in. is above | 
the 2-in., while the 2$-in. repeats the erratic angle of the 14-in. 
Differences of grinding, of sharpness and of quality in the drills | 
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Feed, Ins. per Revolution for Torque and End Thrust Horsepower 


Enter the left lower scale of feed in ins. per resolution for torque 
tically upward to an intersection with the ful] curve representing 


and end thrust at the point representing the given feed; trace ver- 
the given drill diameter; then horizontally to the right, crossing 


the scale of forque in lbs. at 1 ft. radius, from which the required torque may be read; then to the line representing the given drill 
speed and from this intersection vertically downward to the horse-power scale, from which the power may be read. To find the 


end thrust: Enter the scale of feed per revolution; trace vertically upward to the broken line representing the size of drill. 


From 


this intersection trace horizontally to the left to the scale end thrust in lbs. from which the desired thrust may be read. The cutting 


speed is found in the same manner as on the preceding chart for 


cast-iron. 


Fic. 4.—Torque, end thrust and horse-power of twist drills drilling steel. 


one drill. It is hence to be expected that tests between different 
drills will show more erratic results than tests of the same drill under 
varying conditions. 

It may fairly be accepted that these tests establish the fact that 
the law connecting the power with the rate of feed is a straight-line 
law. 


Power Constants for Milling Machines 


Two very complete sets of tests of the power required for slab 
milling were made by Alfred Herbert, Ltd., and reported by 
P. V. VERNON (The Engineer, 1909), the machine used being of the 
Herbert knee type. The following data are extracted from Mr. 
Vernon’s report. The horse-powers are the equivalents of the cur- 
rent readings and include the motor losses and also a constant loss 
of r.8 h.p. consumed in driving a jack shaft and countershaft through 
which the power was transmitted. 


Slabbing mild steel, average of 44, 2.52 h.p. per cu. in. per min. 
Slabbing mild steel, minimum, 1.95 h.p. per cu. in. per min. 
Slabbing mild steel, maximum, 3.02 h.p. per cu. in. per min. 
Slabbing cast-iron, average of 38, 1.10 h.p. per cu. in. per min. 
Slabbing cast-iron, minimum, .89 h.p. per cu. in. per min. 
Slabbing cast-iron, maximum, 1.25 h.p. per cu. in. per min. 


In these tests, in cast-iron, the feeds ranged between 133 and 1035 
ins. per min., the depth of cut between .14 and 1.10 ins. and the mater- 
ial removed between 7.39 and 15.23 cu. ins. per min. In steel, the 
feeds ranged between 3 and r1o# ins. per min., the depth of cut between 
-Io and 1.10 ins. and the material removed between 2.88 and 6.27 cu. 
ins. per min. 

More recent tests by Mr. Vernon (Proc. Manchester Asso. of 
Engrs., 1912) have led to the following conclusions: 

r. A 5-in. double belt driving a 16-in. pulley at a speed of 400 
Ir.p.m. (100,531 sq. ins. of belt surface per min.) geared to drive a 
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Fic. 5.—Torque and end thrust of twist drills drilling cast-iron. 


TABLE I.—RESULTS OF CUTTING TESTS WITH AN 8-IN., 12-BLADED, 


4%-in. cutter at 70 ft. per min., is able to remove as much as 48.1 


HIGH-POWER Face Mitt IN MaAcuINERY STEEL, CuT 5 INS. 


Wipe, Brock B 


cu. ins. of cast-iron and 24.31 cu. ins. of mild steel in a minute. 


2. 2090 sq. ins. of double belt passing over a pulley in 1 min. will 


remove I cu. in. of cast-iron on a miller. 


3- 4135 sq. ins. of double belt passing over a pulley in 1 min. will 


remove I cu. in. of mild steel on a miller. 
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4. A 43-in. cutter on a 2-in. arbor running at 70 ft. per min. is 
capable of removing at least 3.63 cu. ins. and possibly as much as 


6.01 cu. ins. of cast-iron, and at least 2.125 cu. ins 


., and possibly as 
The horse-powers given are the net outputs of 
As a rule the material is specified by 


Where there is no reference of this nature the material 


Additional tests by Mr. DELEEUW (Amer. Mach., Aug. 8, 1912) 
was machinery steel of a tensile strength of 55,000 lbs. per sq. in., 
.26 per cent. carbon and .5 per cent. manganese. 


much as 3.03 cu. ins. of mild steel per min. for each inch of width up 
give the results of Tables 1-6. 


to 8 ins. 
Tests by A. L. DeLeeuw for the Cincinnati Milling Machine Co. 


on knee type machines, gave the results shown in Fig. 7 (Trans. 


ALS. VM. E., 1011). 
the motors after the motor losses have been deducted from the current 


readings. 
reference to a particular block whose physical properties are given 


in Table 7. 
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Fic. 6.—Horse-power required to drive drilling machines in cast-iron. 


TABLE 2.—RESULTS OF CuTTING TESTS WITH AN 8-IN., 12-BLADED, TABLE 3.—RESULTS oF CuTTING TESTS WITH AN 8-IN., 12-BLADED, 


HIGH-POWER FACE MILL IN MAcHINERY STEEL, Cut 5 Ins. HIGH-POWER Face Mitt In MAcuINERY STEEL, Cut 5 Ins. 
WiIpE, BLock A WiveE, Brock A 
: | r Cu. ins. Cu. ins. ; 4 Cusins: Cu. ins. 
Depth of ena See = eo of metal re- | of meta! re- Depth of Suge eed 2 BES of metal re- | of metal re- 
cut, ins. Feed, ea dearest a moved per moved per cut, ins. ener, Lee ahs ae ‘e moved per moved per 
| r.p.m. min. machine 5 5 T.p.m. min. machine ‘ > 5 
} min. h.p. min. min. h.p. min. 
19 II.34 Sates 7.088 .873 20 II.92 UcKew> 7.45 -94 
} ) 19} EE. 72 7.818 Chae eat 937 } 20 DHSS ay bf eA 1.007 
| 194 II.53 7.555 7.2 -954 19} ELS 7.62 7.33 -962 
20 TT .8r 7 Bee 7.381 5077) 19} Er. 73 7.62 Taos 962 
f | 26 16.0 14.843 | 10.000 .674 f 19} 7.25 7.34 6.80 927 
; 25 15.4 13.473 | 9.625 714 * 20 7.29 TsO 6.83 .967 
25 15.4 13.473 9.625 714 20 7.29 HO 6.83 967 
25 15.4 13.473 9.625 -714 L 19} 7.25 7.07 6.80 -964 
| 20 7-44 | 10.319 | 6.975 686 19} 5.7 8.17 7.12 .872 
* 20 7.29 9.749 6.834 -701 } 19 5.58 7.62 6.97 -915 
20 Ve 10.319 6.863 665 19 5.54 Sek 7 6.92 .847 
20 7.32 10.319 6.863 665 19 5.58 Soy 6.97 854 
if 19} S75 IIl.41I 7.188 63 20 4.53 8.17 7.08 867 
20 5.81 II.959 7.2603 608 ts 20 4.56 Ta Al 7. L25 .972 
i 19} KOO. ll ets. 138 7.113 .638 20 4.56 7.92 7.125 -90 
20 5.84 II.41I 7.30 | 64 20 4.53 S517 7.08 . 867 
( 20} 4.6 $2752 8.568 | 684 20 2 Az 7.07 6.51 .921 
& | 20 4.47 II.959 8.325 | .696 3 20 aGy.! 7.62 6.64 -873 
20 4.57 II.959 8.512 | eth . 20 3.49 hoy! 6.54 +925 
20 gn 52 On 6.60 | 868 


In all these tests the efficiency of the motor was taken into con- 
sideration, and the horse-power values given have the motor losses 
eliminated. 

Table 8 gives the results of cuts by Mr. DeLeeuw on German irons 
and steels. The tests of speigeleisen are noteworthy, showing but Slabbing mild steel, average of 15, 2.07 h.p. per cu. in. per min. 
little more power consumed than for cast-iron. Slabbing mild steel, minimum, 1.52 h.p. per cu. in. per min. 

In a report of some extremely (record) heavy slab milling on Slabbing mild steel, maximum, 3.71 h.p. per cu. in. per min. 
Niles-Bement-Pond planer type machines, W. H. Taytor (Amer. Slabbing cast-iron, average of 8, 1.06 h.p. per cu. in. per min. 


Mach., Jan. 14, 1909) gives data from which the following are ex- 
tracted. The horse-powers are the equivalents of the current read- 
ings, and include the motor losses. 
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Feed, In, per Min, i 
Regular Face Milling-Cutter 914 
Diameter, 22 Teeth. Cutting 
Machine Steel, 


Radiating lines give depth of cut. 


Feed, In, per Min. 


High Power Face Milling-Cutter 


8” Diameter, 12 Teeth, Cutting 
Machine Steel 


The observations are reduced to 1 in. width of cut. Composition of steel: carbon, .20; manganese, . so. 


Feed, In. per Min, 
4 


‘A 
Helical Milling-Cutter 34% Dia- 


meter, 414 Lead, 2X Pitch. 
Cutting Machine Steel. 


Feed, In. per Min, 
Helical Milling-Cutter 3%) Dia. 
meter, 414’ Lead, "/is Pitch, 
Cutting Cast Iron 


Fic. 7.—Power required to drive milling machines in machinery steel. 


TABLE 4.—RESULTS OF CUTTING TESTS WITH AN 8-IN., I2-BLADED, 
HicH-powER Face Mitt In Macuinery Steet, Cur 5 Ins. 


Wiper, Brock C 


TABLE 5.—RESULTS oF CurtinG TESTS WITH 43-IN., IO-TOOTHED, 


SPIRAL-NICKED CUTTER ON MACHINERY STEEL, Cur 5 Lys. WIDE 


A | ; Culins, Cimsins: 
Depth of prints) ose os RES of metal re- | of metal re- 
speed, ins. per delivered to 
cut, ins. » 3 moved per moved per 
T.p.m. min. machine : 
min. h.p. min. 
| 22 12.96 6.85 8.10 TaTSS 
vi 21% | 12.80 - Diep 8.056 I.128 
Ls 2 18 12080 6.85 8.056 1.177 
: 22 | 13.00 7.42 8.125 1.006 
fs Be Mae 6.85 7.462 1.09 
Ly 21% -|* 7.96 6.85 7.462 I.09 
28 2m: | 7.92 6.85 7 AQ 1.084 
{ pp | Testy 6.85 72378 I.078 
f 2I | 6.16 7.42 7.70 1.039 
i Pai 6.22 Fits ages: I.09 
215 | 6.26 Gen ies es I.006 
20s +} 4.89 Pets 7.64 1.07 
a | 21% 4.85 A 7.578 1.062 
° 21% | 4.88 | hespie 7.625 .99 
22 | 4.92 7.42 7.687 DOs 7, 
21% | 3.80 TAWA Fale 1.000 
2 22 | 3.86 6.85 Tian 2Ou 1.056 
21k 3.78 6.85 7.08 1.034 
214 3.80 6.85 733 T.042 


: , Cu. ins. Cu. ins. 
Spindl F -—p. 
Depth of poe 5 ees re a @ of metal re- | of metal re- 
z speed, ins. per | delivered to 
cut, ins. F 3 moved per moved per 
I.p.m. min, machine : 3 
| min. h.p. min. 
405 6.22 1A US 11.66 . «944 
3 AL 6.25 12.60 II.72 103 
AI 6.27 12.60 Th 7 0 -933 
40 Tes Teer) 14.625 968 
3 40 rene) 14.55 14.625 I.00L 
40 Wes 14.82 14.625 -987 
40 6.09 15.93 15.225 -955 
} 394 6.06 I5.93 TS aks -95 
39% 6.05 15103 I5.125 .948 
40 GirE 16 20 Uy AA -943 
40 Cope E77 aO7, Aye . 863 
5 39% 4.68 17.90 14.62 . 816 
393 4.68 18.75 14.62 -779 
39 4.66 17207 14.56 853 
39 3.62 18.20 13-575 +745 
a 39 Bu62 18.20 13. 575 TAS 
4 1 
392 3.63 T7803 TOL -772 
39% 3.63 17.38 13.61 . 782 
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TaBLE 6.—ReEsuLts or Currinc TESTS WITH A I0-IN., 16-BLADED, TABLE 7.—PHyYSICAL PROPERTIES OF MACHINERY STEEL BLOCKS 


HIGH-POWER Facer Mitzi in Macuinery STEEL, Cur 5 Ins. WIDE USED IN THE TESTS 
Spindle | Feed in He Cu. ins. Cu. ins. Block Limit of elasticity, | Elongation per cent.| Reduction per cent. 
Depth of : ore of metal re- | of metal re- lbs. per sq. in. of length of section 
a speed, ins. per | delivered to 4 d = 
, ins. nae Bee Ras moved per | moved per a 36,400 36 66 
min. h.p. min. B 36,200 36.5 59.6 
f 154 4.61 12.64 11.525 912 C 37,400 36.5 60 
15} 4.61 12.94 11.525 89 ea ; 
rn 153 4.65 12.04 11.625 808 Slabbing cast-iron, minimum, .79 h.p. per cu. in. per min. 
2 . . . . . 
TS 5.81 7.05 4.525 852 Slabbing cast-iron, maximum, 1.53 h.p. per cu. in. per min. 
I .8 ; ; . : c z, 
; a Y os ae a me Channelling mild steel, average of 6, 2.33 h.p. per cu. in. per min. 
‘. x ss 2 e . . . . . . 
Is} 7.56 13.20 Tava 107A Channelling mild steel, minimum, 1.69 h.p. per cu. in. per min. 
15} 7.63 13.20 14.30 1.083 Channelling mild steel, maximum, 3.33 h.p. per cu. in. per min. 
i : = ie - “ a : te These tests were of extraordinary severity, a feed in steel as high 
r 153 7.63 12.94 14.30 a AG as o3 ins. per min. under a cut of ¢ in. depth, consuming 162 h.p. 
16 7.70 I1.00 12.02 r.092 and removing 82 cu. ins. per min., having been included. In cast- 
¥s = 7.68 nr00 12.00 1.09 iron the extreme duty was the removal of 1o5 cu. ins. per min. under 
a .6 ; .92 ; : : : 
x BS! SERS a E058 a feed of 7 ins. per min. and a depth of cut of 1 in., the power consump- 
TABLE 8.—POWER CONSUMPTION BY MILLING MACHINES OPERATING ON GERMAN IRONS AND STEELS 
Speed of Feed in Cu. ins. of Cu. ins. of 
: é Depth of 
Material Cutter cutter, ins. per pete metal removed per | metal removed per 
r.p.m. min. a min. h.p. min. 
Bar No. 1—Cast steel, 56,000-70,000 | Cutter: high-power face mill, ro ins. 14 4.82 t Base . 837 
lbs. tensile strength; width of mate-| diameter, high-speed steel. 14 WeS3 5 5.87 I.005 
rial 6 ins. 14 10.3 $ TTA I.105 
I4 6.52 4 9.80 8.08 
| SSS - 
Cutter: spiral mill with nicked teeth, 32 12.96 4 9.73 .640 
4 ins. diameter, high-speed steel. 32 6.18 3 9.27 .608 
32 3.92 G 8.80 -620 
Bar No. 2—Spiegeleisen, 17,028 lbs. | Cutter: spiral mill with nicked teeth, 20 2.5 $ 6.25 T.03 
tensile strength; width of material, | 4 ins. diameter, carbon steel. 20 12.5 t 12.5 I.02 
4 ins 20 Hee 3 TEA25 990 
Bar No. 3—Gray iron, German medium, Cutter: high-speed steel, high-power oT 16.1 $ 8.05 2..¥2 
| . . . 
hard machine cast-iron, generally | face mill, 16 blades, 10 ins. diameter. 21 ce ert % Br 76 2218 
used; width of material, 4 ins. 21 1555 ry The5 2.31 
2T 14.6 2 21.9 1.63 
| Cutter: high-speed steel, spiral mill, 49 20.82 4 10.41 I.50 
| 4} ins. diameter. 49 20.70 rs 20eT7 2.67 
| 49 16.24 3 24.4 ce 
49 12.96 ¥ 25.82 1.65 
Bar No. 3A—Gray iron, German me- | Cutter: high-speed steel, face mill, 18 25 16.4 $ 8.20 I.412 
dium hard machine cast-iron, gen- | blades, 8 ins. diameter. 25 ete ra Eas 1.84 
erally used; width of material, 4 ins. | 25 14.6 3 25.0 te3 70! 
25 On 2 19.4 1.64 
Cutter: high-speed steel, spiral mill | 40 20.82 $ 10.41 It 
with nicked teeth, 4} ins. diameter. 40 20.70 4 20.70 1.44 
40 20.52 g 30.8 1.97 
| 40 7.62 g I9.05 1.20 
Bar No. 4—Siemens- Martin steel, 85,- | Cutter: high-speed steel, face mill, 8 rs 0.9 3 0.786 -378 
000—99,000 lbs. tensile strength; | ins. diameter. 17 2°28 + 1.99 -538 
width of material, 3} ins. 17 3.04 t 2.56 +540 
17 4.05 t 3552 -567 
| Cutter: high-speed steel, cutter with 16 20.82 $ 9.10 .587 
nicked teeth, 44 ins. diameter. 16 12.96 as 8.49 575 
16 10.1 4 8.85 -548 
16 Sagi 3 6.07 .605 
Bar No. s—Chrome-nickel steel, 122,- | Cutter: high-speed steel, high-power 14 4.82 $ 2.18 .592 
000-141,000 lbs. tensile strength;| face mill, ro ins. diameter. 14 16.4 + 4,42 747 
° 3 
width of material, 3§ ins. 14 6.53 rd 4.43 .720 
14 E303 +5 9.02 628 
Cutter: high-speed steel, spiral mill 13 20.86 5%) 4.78 j .4607 
with nicked teeth, 4 ins. diameter. 13 20.86 + 9.45 .680 
13 8.44 x6 5.70 .692 
13 BRO: a 4.64 493 
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tion being 47 h.p. The h.p. per cu. in. decreased as the amount 
of metal removed increased, as follows, for steel: 

Max. duty, 162 h.p., 82. cu. ins. per min. removed, consumption 
1.99 h.p. per cu. in. 

Min. duty, 29 h.p., 7.82 cu. ins. per min. removed, consumption 
3-71 h.p. per cu. in. 
and as follows for cast-iron: 

Max. duty, 89. h.p., 105 cu. ins. removed per min., consumption 
-85 h.p. per cu. in. 

Min. duty, 40 h.p., 26 cu. ins. removed per min., consumption 1.53 
h.p. per cu. in. 


Sizes of Motors for Machine Tools 


The sizes of motors for machine tools, according to the practice of the 
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Westinghouse Electric and Mfg. Co., are given in Table 9 in which 
the horse-power recommended is based on average practice; it may be 
decreased for very light work and must often be increased for heavy 
work. The class of motor is indicated by the symbols A, B, C, ex- 
plained below. The meaning of these symbols is sometimes modi- 
fied by notes under the tables. 

(A) Adjustable-speed shunt-wound direct-current motors wherever 
a number of speeds are essential. 

(B) Constant-speed shunt-wound direct-current motors where 
the speeds are obtainable by a gear-box or cone-pulley arrangement 
or where only one speed is required. 

(C) Squirrel-cage induction motor where direct current is not avail- 
able. A gear-box or cone-pulley arrangement must be used to obtain 
different speeds. 


TABLE 9.—S1zES OF Motors For Macuine Toors 


Bort AND Nut MAcuHINERY 
BOLT CUTTERS 


BULLDOZERS OR FORMING OR BENDING MACHINES 
Motor—B! or C? 


Motor—A, B, or C With, ins. Head movement, ins. H.p 
<oy 2 I 
Size, ins. H.p ry 23 4 
Single I, 14, 14 I to 2 ; 
i 39 16 Io 
Liriy Z 2 to 3 8 
ee 45 I 15 
24, 32 3 tos 63 oO 20 
6 ; 
4, ; 5 to 72 1 Compound-wound motor. 
Double Teta. 2 to 3 ? Wound secondary or squirrel-cage motor with approximately 10 per cent. 
2, 22 BELons slip. 
Triple Tels 3 to 74 
ae ee Burrinc LATHES 
otor—B or 
Poe Motor—B or C 
Ig, 23 I to2 Wheel 
eels 
NUT TAPPERS : 
No. Diam., ins. 30% 
Motor A, B, orC 3 a a eed 
Four-spindle te 3 ti03 
Six-spindle 2 3 és x ae 
Ten-spindle 2 5 2 r ‘ S y 
2 I4 3 005 
NUT FACING 
Motor onc eee brass tubing and other special work use about double the above horse- 
1 2 to 3 
D 
Bott Heaprinc, Upsetrinc AND FoRGING BEET) ANDRE o= es WECHINES 
Motor—A,! B,? or C2 pe ebitte teh se 
Size, ins. Hens ab . .p. 
3 Ii vr } oe ee Sensitive drills up to 3 in. zto 2 
See ohne? ee Upright drills, 12 to 20 ins. I 
NE ae Upright drills, 24 to 28 ins. 2 
Atte 6 a. Upright drills, 30 to 32 ins. 3 
ani Upright drill ins. 
1 Speed variation is sometimes desired when different sizes of bolts are headed ee au eeu Lede i? 5 
OA toca aohins: Upright drills, 50 to 60 ins. 5 to 7% 
2 Compound-wound direct-current motor. Horse-power 
oa Wound secondary or squirrel-cage motor with approximately 10 per cent. Heavy Average 
P- Radial drills, 3-ft. arm. 3 I to 2 
Radial drills, 4-ft. arm. 5 to 74 2 to 3 
Borinc AND TuRNING MILLS Radial drills, 5 to 6 and 7-ft. arm. 5 to 74 3 to 5 
Motor—A, B, or C Radial drills, 8 to 9 and 1o-ft. arm. 7% to 10 5 to 74 
Horse-power 
Size Average 
ge Healy. CyLinperR Bortnc MaAcuines 
37 to 42 Ins. BUD 72 to Io M 
50 ins, 7h a es OLOR—An Bor. 
60 to 84 ins. 74 to Io 10 to 15 Diam. of Max. boring H.p 
7 to 9 ft. 10 tors spindle, ins. diam., ins. 
Io to 12 ft. 10 to 1s 30 to 4o 4 IO 7A 
14 to 16 ft. I5 to 20 6 30 Io 
16 £025 ft ___20 to 25 8 40 15 
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TABLE 9.—Sizes or Motors ror Macuine Toots—(Continued) 


Pipe THREADING AND CuTTING-orr MACHINES PUNCHING AND SHEARING MACHINES 
Motor—A, B, or C Presses for notching sheet iron, motor—A, B, or C, 3 to 3 h.p. 
Size pipe, ins. H.p. . PUNCHES 
ito 2 2 Motor—B! or C? 
zto 3 3 Dia., ins. Thickness, ins. H.p. 
toma: 3 a a I 
Izto 6 3 to 5 3 D ti 2 
2 toms 3 to 5 5 5 2 to 3 
3 to Io 5 i t gy WO & 
4 to12 5 4 3 5 
8 to 18 7 I 3 5 
24 Io I I 73 
aaa = pias: 1 1 
— : nae 
Motor—A,! B,! or C : 
Distance ; 7 meee ara 
: i aa 25 12 15 to 25 
Width, ins. under rail, ins, Ep. 1 Compound-wound motor. 
a 22 3 2 Wound secondary or squirrel-cage motor with approximately 10 per cent. 
24 24 Syuey slip on the larger sizes. 
eG) 27 3\to 1s SHEARS 
30 30 5 to 73 Motor—B! or C? 
36 36 Io to 15 Horse-power 
42 42 15 to 20 Width, ins. Cut $- n. iron Cut } in. iron 
48 48 15 to 20 30 to 42 3 5 
54 54 20 to 25 50 to 60 4 tie 
60 60 20 to 25 72 to 96 5 Io 
72 72 25 to 30 Bolt¥shearsts. cracaten acme on: ee ee Des 
84 84 30 Doublesanglershearshasmennene cetera OMELET 
00 I0o 40 1 Compound-wound motor. ‘ ; 
Normal length of bed in feet is about } the width in inches. 2 Wound secondary or squirrel-cage induction motor with 10 per cent. slip. 
See also second table below. LEVER SHEARS 
1 Compound-wound motor. : Motor—B! or C2 
ROTARY PLANERS Size, ins. Hp. 
Motor—4A, B, or C I XI 5 
Dia. of cutter, ins. H.p. 13X13 73 
24 5 A. S&B pte) 
30 73 6 X1 
36 to 42 Io 23X23 15 
48 to 54 15 1S SH 
60 20 23X23 20 
72 25 15 X<8 
84 30 33X32 3° 
96 to 100 40 42 round 
1 Compound-wound motor. 
HyprROSTATIC WHEEL PRESSES 2 Wound secondary or squirrel-cage motor with approximately 10 percent. slip. 
Motor—B or C PLATE SHEARS 
Size, tons H.p. : Motor—B? or C? 
100 5 Size of metal Geer min: Length of He. 
200 : 74 cut, ins. stroke, ins. 
300 74 3X 24 35 3 Io 
400 Io 1b OK Bal 20 3 5, 
600 15 2X 14 15 44 3° 
Kk AD 20 4 20 
Ro1its—BENDING AND STRAIGHTENING ZX 42 15 43 60 
Motor—B! or C? 3X 54 18 6 75 
Width, ft. Thickness, ins. Eps 13x 72 20 5} 10 
4 3 5 1X 100 Io to 12 7h 75 
6 ts 5 1 Compound-wound motor. 
6 ws 7h 2 Wound secondary or squirrel-cage motor with approximately 10 percent. slip. 
6 3 15 TIN PLATE SQUARING SHEARS 
8 q 25 Motor—B or C 
a i 35 Size of plates, ins. Cuts per min. H.p. 
or me 50 54X54 30 74 
24 : 50 7s packs 
1 Standard bending roll motor. YEE 30 74 


2 Wound secondary induction motor. 335 packs 
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TABLE 9.—Sizes oF Morors For Macuine Toors—(Continued) 


SHAPERS 
Motor—A, B, or C 
Stroke, ins. H.p. single head 
12 to 16 2 
18 2 to 3 
20 to 24 3 t05 
30 5 to 72 
TRAVERSE HEAD SHAPER 
20 72 
24 Io 


SAws—Co.Lp AND Cut OFF 
Motor—A, B, or C 


Size of saw, ins. Hp. 
20 3 
26 5 
32 73 
36 4 Io to 15 
42 20 
48 25 


SLOTTING AND Kry SEATING 
Motor—A, B, or C 


Stroke, ins. H.p. 
6 3 
8 a tO) & 
Io 5 
I2 5 
14 5 to 7% 
16 a5 
18 7% to I0 
20 LO. LOLS 
24 TO sto! LS 
30 Io to 15 


HorizontaL Borrinc, DRILtinc AND Mitiinc MAcHINES 
Motor—A, B, or C 


Size of spindle, ins. H.p. for single spindle 
32 to 43 5 to 73 
42 to 55 72 to 10 
53 to 63 Io tors 


For machines with double spindles use motors of double the horse-power 
given. 


MULTIPLE SPINDLE DRILL 
Motor—A, B, or C 


Size of drill, ins. Up to : Tp. 
a; to + 6 to to spindle 
FEO S 10 5 
r5 t02 10 72 
OS Io Io 
2 tor ie) Io to 15 
2 4 73 
2 6 se) 

2 8 15 
EMERY WHEELS, GRINDERS, Etc. 
Motor—B or C 

Wheels 
No. Size, ins. Hep: 
2 6 to 1 
2 IO 2 
2 12 3 
2 18 S Wey Fe 
2 24 7% to Io 
2 26 eAtOlLo 


MISCELLANEOUS GRINDERS 


Motor—B or C Hp. 
Wet. tool-erinder iresscsun cose een ie moe Os 2 to3 
Flexible swinging, grinding, and polishing machine.......... 3 
Anglescock PInder. cent cavie: saci ie Cee ee Ra a oe nS 
Pistonzod: ering eraepiecmee eae cit mane eet 3 
Twist-drillserinder’.jc...c.0e oe serck eu eee oe ee 
Auitomatie tooleerind enema ent eee eee 3 to 5 
GRIND:NG MaAcuiInes (GRINDING SHAFTS, ETC.) 
Motor—A, B, or C 
Dia. wheel, Length work, Horse-power 
ins. ins. Average work Heavy work 
10 50 5 73 
10 72 5 73 
10 96 5 72 
10 120 5 7h 
I4 72 10 15 
18 120 Io 15 
18 144 Io 15 
18 168 Io 15 
GEAR CUTTERS 
Motor—A, B, or C 
Size, ins. H.p. 
30X 9 2 to 3 
48 X Io 3 iey & 
30X12 5 WO Fe 
60X12 5 to 73 
72X14 7% to Io 
64X20 Io tors 
HAMMERS 
Motor—B! or C? 
Size, lbs. H.p. 
15 to 75 % to 5 
100 tO 200 5~to 74 


Bliss drop hammers require approximately 1 h.p. for every roo-lb. weight 


of hammer head. 


1 Compound-wound motor. ; 
2 Wound secondary squirrel-cage motor with approximately ro per cent. 


slip. 


LATHES 
Motor—A, B, or C 
ENGINE LATHES 


Horse-power 
Swing, ins. Average Heavy 
12 S 2 
14 Sto 1 A WO) 2 
16 I to De WO) B 
18 2. tows SetOmns 
20 to 22 R 7 tO) LO 
24 to 27 5 7% to 10 
30 5 to 73 77 to Io 
32 to 36 73 tO) LO Io to15 
38 to 42 Io to 15 TSO LOLZO 
48 to 54 I5 to 20 20 -to 25 
60 to 84 20 tO 25 25° to 20 
- WHEEL LATHES 
Size, ins. Ep. Tail stock motor! h.p. 
48 15 to 20 : 5 
51 to 60 I5 to 20 5 
79 to 84 25 to 30 is 
90 30 to 40 5 to 74 
100 40 to 50 5 to 73 


1Standard machine-tool traverse motor. 


PERFORMANCE AND POWER REQUIREMENTS OF TOOLS 


283 


TABLE 9.—SizEs OF Motors ror MacuineE Toors—(Continued) 


AXLE LATHES 


Hp. 

DIDS eet Ga keincns oie cicce be Fe, LO 
Dou DIG rere ntow wevsiein ea cuciet ia LO, TS 286 
Mitirnc Macuines 
Motor—A, B, or C 
VERTICAL SLABBING MACHINES 

Width of work, ins. Hp. 
24 73 
32 to 36 se) 
42 15 
HORIZONTAL SLAB MILLERS 
Width between hous- Horse-power 
ings, ins. Average Heavy 
24 7% to Io 10 to 15 
30 7} to 10 to to 15 
36 Io tors 20 tO 25 
60 25 50 to 60 
72 25 75 


VERTICAL MILLING MACHINES 


Height under work, ins. 15lj9y, 
12 5 
14 72 
18 10 
20 15 
24 20 


PLAIN MILLING MACHINES 


Table feed, Cross feed, Vertical feed, 
ins. ins. ins, H.p. 
34 10 20 73 
42 12 20 Bo) 
50 12 21 15 


UNIVERSAL MILLING MACHINES 
Machine No. Ep. 
to 2 
to 2 
to 5 
to 73 

7% to IO 
iWoy say atts 


na wue wv 


Sizes of motors for various metal and wood-working machines, accord- 
ing to L. R. Pomeroy (General Electric Review, 1907), are given in 
Table rr. 

The sizes of motors suitable for various commercial presses forms the 
subject of an article by F. C. Frapp (Amer. Mach., May 28, 1903). 
The list is made up of presses and motors in satisfactory use, includes 
direct-belt and chain-driven presses (belt-driven preferred by Mr. 
Fladd) and is given in Table 12. 

Methods of making more accurate determinations of motor capacity 
for machine tools, especially under heavy and fluctuating loads, have 
been explained by A. G. PopcKeE, Industrial Elect. Engr., Westing- 
house Electric and Mfg. Co. (Amer. Mach., Sept. 26, 1912) as follows: 

The preliminary data required are: On direct current: Horse- 
power, speed and voltage. On alternating current: Horse-power, 
speed, voltage, frequency and phase. 

The voltage, frequency and phase are determined by the electric 
circuit in the shop. The horse-power depends upon the work done. 
Whether to use a high- or a low-speed motor depends on the gears 
that must be used. A comparatively low speed is usually necessary. 

The power required to drive a machine tool depends upon the 
following: The tools used. Amount of metal removed in a given 
time. The metal cut. 

The tools used are of three general types: 
used on lathes, boring mills, planers and shapers. 
cutters. 

The amount of metal is usually expressed in cubic inches re- 
moved per minute. The rate of removing metal for a given job 
depends upon the tools used, the strength of the machine tool, the 
strength of the work, the accuracy desired, and the nature of the 
metal cut. 

In roughing work, the question of horse-power must be carefully 
considered so that the most economical motor is applied. The 
tendency is to select a motor to suit the maximum capacity of the 
machine tool. This is very rarely reached for any length of time. 
Modern motors will operate successfully, at loads roo-125 per cent. 
above the rated loads. The following information must be obtained 
to determine the horse-power of the motor to be used for any tool- 
cutting metal: 

Type of tool. Average cut taken: 
in inches. feed per revolution in inches. 
per minute. Duration. Maximum cut taken: 


Lathe type tools, 
Drills. Milling 


Depth (all tools considered) 
Cutting speed in feet 
Depth in inches. 


Feed per revolution. Cutting speed in feet. Duration of peak 
maximum load. Number of peaks per hour. 

With this information it is possible to estimate the average and 
maximum horse-power required from the cubic inches of metal re- 
moved per minute for the cuts taken for average and maximum. 

In all cases the area of the cut is taken as equal to the depth 
multiplied by the feed. 

For revolving work or tools, the cutting speed may be quickly 
determined from Fig. 8, the use of which is explained belowit. The 
chart may obviously be used in the reverse direction with equal 
facility. The cubic inches of metal removed per minute may be 
quickly determined from Fig. 9, the use of which is explained below 
it. To determine the horse-power required the cubic inches of 
metal removed per minute are multiplied by a constant. 

For estimating purposes the constants of Table ro based on aver- 
age shop conditions are useful in figuring horse-power at the cutting 
tool when round-nose tools are used: 


TABLE 10.—RELATION BETWEEN POWER AND VOLUME OF METAL 
REMOVED 

Castromc acon ec ne eine eas a aUO me Seen pee PEENCUMIN I permann 

\Wiiough tio nme cree 

Malchinenya steels 

Steel, 50 carbon and harder. . 


Brass and similar alloys..... 


6 h.p. per cu. in. per min. 


1.00 to 1.25 h.p. per cu. in. per min. 
.2 to .25 bsp. per cu. in. per mins 


For twist drills the consumption of power per cu. in. of metal 
removed is approximately double the above. 

The constants will vary with the angle and sharpness of the tool, 
but are close enough to determine the size of motors in the majority 
of cases. A few tests in any shop using motor-driven tools can 
easily be made to determine the constants for their particular tools. 
The tendency is to use tools in accordance with the conditions ar- 
rived at from tests made by F. W. Taylor, and others, which see. 
The above constants hold under these conditions. : 

The friction load of the machine tool should be added to obtain 
the total horse-power. However, where the horse-power to remove 
metal is large, the friction is a small percentage and can be neglected. 

In selecting the size of a motor it must be reniembered that the 
load is intermittent in the majority of cases. The heating of a 
motor in supplying power for work of an intermittent nature is de- 
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TABLE 11.—Sizes oF Morors For Various METAL AND Woop- 
WORKING MACHINES 


Bolt and Nut Machinery, Helve Hammers 


Motor h.p 
required 
to drive 

One and one-half inch single-head bolt cutter................. 1} 
Pratt & Whitney No. 4 turret bolt cutter...........2+:.+--.. 2 
Two-spindle stay bolt cutter. 2 
One and one-half inch Acme dewnle head ‘Bolte cutter. 25 
One and one-half to two and one-half Acme nut ee, tees 
Six-spindle nut tapper.. : eB 
One and one-half inch ue head bole cutter. 3 
Three-fourths to two and a half inch double- head bolt « cutter. 3 
pivo-inch) triple-neadiboltacuttersme <r enen seer eee eens 
Hour-spindlewstaypoltrcutcenancmn + Senne eee en eee rate mes 


Bradley hammer.. 73 
Grinders 

Air-cock grinder.. I 

Link grinder. . sree 3 

Sigua Ge eee INS WP Seat ses ae RR RE tenes gee 

Norton 18 X96-in. piston-rod grinder............00...0000008 § 


Saws for Wood 


BS ANOS, eR OR WINE se Set alee in ait ack aura ne ene 33 
ABC ssa id 21s WHEE eis ace osc s llgheayee Ue eangs oe eS 
SWAT Pa CULE Olltsa Witteman tart dover oeaite tent nai oA enon tee 5 
Ban dasa wars O-Ll Me Wi COL crm tin ap ernt ae eens teeter ae 7 


diK 


fareenleciNO, tx sell-fCd. Tp SAW 5 odo 4 3% sis aeons Aird RO 
Greenlecwenticalsautomatic cut-Ofn saw eeeite te in 15 
Morty, Co. Sorty-SOC INCH Sa Ws). 5. 5 oy! cide ond anos Sansa cen 28S 
Automatic band resaw....... Rew NY, re ce eG 
Greenlee No. Be SI EOST Ran ea ee Seve se ey Soa EO 
Greenlee No. 3 rip saw. Bor OEre cae Coe RE ee Cin Fee) 
Woods No. 4 rip saw. AS ML Aya G rea RO RN ts CRON RN Te CIC) 
Extrahesvy automatic rip say. DUO HORM Oy ON DOT ee oe 


Wood-working Tools 


Fay-Egan single-spindle vertical boring machine.............. B 
Fay-Egan three-spindle vertical boring machine.............. 4 
Fay-Egan No. 6 vertical mortiser and borer.................. 6 
7 
7 
7 


Fay-Egan No. 7 tenoner or gainer......... 3 
Fay-Egan universal wood worker... : A 
Fay-Egan four-spindle vertical borer.................0.-.-5. $ 
Fay-Egan five-spindle vertical borer......................... 10 
Hourteen-tneh inside Molders c.052 «<< 0 es nks us es taecn Ae 
Fay-Egan universal tenoner and gainer...................... 12 
BANE Ran Nertical COnOnEr xs, Peco 4.1 Sans. Be eh ee Mee et 
Greenlee automatic FSTHEAN benorer Bion Sotac DO omeE ou Sane a. By 
Fay-Egan No. 3 gainer, also Greenlee... pte oi 154 
Greenlee extra-range five-spindle borer de aWoaieon. Some a 
Greenlee vertical mortiser. ie : 15 
Fay-Egan automatic gainer, ales Pombo gainer eed mor- 
tiser . see UC oldoac Ame OOD ac poo Ie) 
Fay- Dein We 8 sale saw a Sire gainer. Dera tee Xie 
Vertical hollow chisel mortiser and bores PIOUS Winans e Hiss: ono AS 
Fay-Egan 143-in. double-cylinder surfacer................... 20% 
Heavy outside molder.......... Sf on ROCHA ate ONG) 
Six-roll direct-connected Mae oad atneee Ue Seiccs Sead ny co) DG 
Double-cylinder fast flooring machine....................... 30 
Double-cylinder planer and matcher......................... 30 
Fay-Egan No. 8 automatic tenoner......................... 303 
Bee aah 2], INARCHEL 2 33 Fan eas Doses oe. Ota oe ee 35 
Bout-pime Limuce planer, heavy ys... i: 6 vs. 01s 0d ce 60 
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TABLE 12.—HoORSE-POWER OF MoToRS FOR VARIOUS PRESSES 


Name and number H.p. of 


of press. motor required. 
Bliss, "NOP 82 sd. deren cesc.c goo tel od oot n Site Wey 4 ae rag ea ey ee 
Bliss; INOW 20\. sia np aiwe wae ide tient eke te ats con on ee ee 
Bliss, NOi BOs tens nee wine na toeermiom Guest on sibenucar sete eray aac ine rae am 
Blissy NOs 182 sta0 02.8 se: Gases ease Reel easter onus eae eee 
Bliss NOX 52 sever s Shee ee Te 
Bliss, No. 30A.. oem 3 
Bliss-Stiles Cnens pe) patter ae On 3 
Bliss-Stiles punch, fly-wheel pattern, No. 1. . I 
Bliss-Stiles punch, fly-wheel pattern, No. 2.. I 
Bliss-Stiles punch, fly-wheel pattern, No. 3. . 2 
Bliss-Stiles punch, fly-wheel pattern, No. 4. . 3 
Bliss-Stiles punch, fly-wheel pattern, No. 5. Bea 
Bliss-Stiles punch, geared pattern, No. 5 fae hea) ork Re) FS 
Blissmeearedslonheavya worl uN Oss Onriteeee neem 
Bliss, double crank geared, rece ema <2 a aS 
Bliss, double crank geared, No. 5. 73 
Bliss circular shear, No. 105. Soe 3 
Bliss double action, fitted vue double fol feeds, No! 68N. pene Z 
Stiles special five-slide gang press, geared, No. 102 : 3 
Bliss automatic feed armature disk press, No wiOAtsy.-e eee eel 
Bliss toggle, No. Ee aELES Shee 
Bliss-Stiles 200-lb. adeoniatie hoard lift ows feoroved dase wee 3 
Bliss-Stiles 400-lb. automatic board lift drop, improved........ 4 
Bliss-Stiles 800-lb. automatic board lift drop, improved........ 74 
Hilles & Jones combined punch and shear, No. 2.............. 5 
Ferracute, No. SG86 . ee er COM creas cess Ss 
Ferracute, direct peared No Cre 3 
Ferracute, 18-inch throat, No. Dairy 2) 


Bliss, geared with side cut-off Wechmene No. Pere Hee 3 
Bliss, deep throat for light punching, No. 473. 4 
Hilles & Jones, combined punch and shear, Now 2, be in. vomeae 


capable of punching 1}-in. hole through r-in. stock.......... 10 
Hilles & Jones, combined punch and shear, No. 3, 12-in. gap, 
punching 1-in. hole through r-in. stock....... 73 
Hilles & Jones, single punch, 36-in. rine punching + 13-in. walk: 
through 1#-in. stock........ KS) 
Hilles & Jones, horton panne No. 3, 20-in. Shrdee punches 
t-in. holes through #3-in. stock............ ae “Ges 
Hilles & Jones angle shear, No. 3 cntinees I-in. Stock. seiner Same 10 


Williams & White, boyeen No. 6, 20-in. stock, 38-in. die face. 74 

Bliss geared power shear, 36-in. cut, cutting sheet steel 4-in. thick. 

Heavy alligator geared cut-off one capable of shearing 5-in. by 
I-in. bar iron, 


Small armature Ae nothie press.. tee I 
Large coining presses at U. S. Mint, Erect up raver enibes 
I.p.m., 80; pressure, 160 tons. “ths Pee wes 
Smaller coining presses, Snes up BCnarer dole Ir.p.M., 100} 
pressure, (00) tonsS..... 0. SCRE OOS COO OS Gr 
Planchet presses at Mint, double roll feeds. soa Sachs RR CES 
Woubleicut-onvshearatsl inte eee eet ee er B 


termined by the square root of the mean square of the power required 
to perform the various operations taking place in a complete cycle. 
This value will be termed the root mean square value, or r.m.s. 
value. The method of figuring the r.m.s. value of any intermittent 
load is best explained by working out an example. Suppose the 
power fluctuates as follows during a cycle of operations: 


Power required Duration 
Io 6hhp. Io seconds 

Gj Jekfo): 30 seconds 
Base 25 seconds 
Tht 20 seconds 

Ome hep 20 seconds 
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The r.m.s. value is figured as follows: 

1. Multiply the square of each value of power by its duration. 

2. Add the products thus obtained. 

3. Divide the sum by the time to complete the cycle (the sum of 
the times of the various components). 

4. Take the square root of the quotient. 

The result will be the r.m.s. value. The time can be expressed in 
seconds or minutes and the power in horse-powers, kilowatts or— 
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current induction motor or commutating-pole, direct-current motor 
will carry this successfully under the given conditions. A 5-h.p. 
motor would, therefore, be used in this case. 

The limits above rated loads to be considered when selecting 
alternating-current motors to carry widely fluctuating intermittent 
loads are: 

1. Pull at the starting torque. 

2. Speed regulation. 

For direct-current motors: 


= 1. Commutation. 
* 2. Speed regulation. 
ta SOS 3. Stability. 
le The pull at the starting torque of an induction motor is from 2.5 to 
aay i 3.5 times the full-load torque. 
ho \ The speed regulation of induction motors is the percentage drop 
80 KS ; in speed between no load and full load based on the maximum speed; 
70 it is usually called the slip. The slip at full load is usually about 
oe Ss \ 5 to 7 percent. At other loads it is approximately proportional to 
50 the load, therefore, at twice full load the drop in speed will be 
40 CSO NEP es approximately ro to 15 per cent. 
5 Before commutating-pole motors were built, commutation 
Ze SOX & limited the overloads on direct-current motors. At present 
peas 7 SOX Gan up-to-date commutating-pole motor will carry 100 
820 2 oe. <p to 125 per cent. overload, that is, 2 to 2.25 times 
§ is <> sg, the full load without sparking. 
i & <8 a 
a 3 
10 aN “ee, 
9 RAL %, 
g NUNES NI % 
5 g 1 
4 ie | 
3 + SN = 


o Ro rey Oo 
iro) ~~ oO —4 ne g 


10 OS ° 
N oD 12 
Spindle Speed,R.P.M. 


[=] 


oooso c=} 
x SE R88 R=S 


R&S 2 232888 


ua = 


Trace vertically from the r. p. m. to the intersection with the horizonal through the diameter where read cutting speed. Thusa 
piece of work of 3 in. diameter at 60 r. p m has 47 ft. per min. surface speed. 
Fic. 8.—Relation of spindle speed, cutting speed and diameter of work. 


the voltage being constant—in amperes, the same units being used 
throughout a given problem. In the above example the r.m.s. value 
is determined as follows: 


(x) 10? X 10 = 1000 
5°X30= 750 
3.5°X25= 306.25 
17X20= 20 
°o X20= ° 
(2) 2076.25 
(3) Total time of cycle=10+30+25+20+4+20=105 sec. 
6. 
ail oS io.8 
105 


(4) /19.8=4.45 h.p.=r.m.s. value 

Thus 4.45 is the r.m.s. value of this cycle and the heating of the 
motor will be the same as if it were run at a constant load of 4.45 
h.p. The maximum load on a 5-h.p. motor would be twice the full 
load, or 100 per cent. overload for rosec. An up-to-date alternating- 


It is customary to express the speed regulation of direct-current 
motors in terms of the full-load speed, because the full-load speed 
is the rated speed of the motor. At full load the speed regulation 
is 10 to 15 per cent., depending on the rating of the motor. At over- 
loads the effect on noncommutating-pole motors is a decrease in 
speed proportional to the load; but on commutating-pole motors 
the speed in many cases tends to increase between full load and 100 
per cent. overload. 

This type of motor will, therefore, have approximately the same 
speed at twice full load as it has at full load. If the effect of the 
interpoles is too strong the tendency is to make a commutating-pole 
motor oscillate in speed. This speed oscillation will cause a similar 
variation on armature current of gradually increasing intensity, 
until something gives way; a fuse will blow, a circuit breaker open 
or the motor will be injured by “bucking over,” that is, flashing 
across brushes, or burning out the armature. 

There is a relation existing between speed regulation and stability. 
A commutating-pole motor can be designed to be stable at over- 
loads. This will increase the drop in speed. Better speed regula- 
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tion makes stability less certain. Reliable designers of this type of 
motor strike a happy medium between these two, and the commer- 
cial result is that in most cases these motors can be safely operated 
on intermittent loads where the maximum load is twice the rated 
load. 
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a graphic recording ammeter will be used for this purpose. The 
record was taken on a lathe driven with a direct-current, adjustable- 
speed motor. The cycle of operations when turning the shaft, 


Fig. 11, is as follows: 
Calculated r.m.s. 


A large reduction in speed giving a stable motor, is an advantage Amp. Time (Amp.)?X time 
in machine-tool work. It often occurs when long, continuous cuts Cut ab 33 180 sec. 1089 X 180 = 196,020 
are taken, that on one part of a casting the depth of cut is greater Cut bc 30 T40 sec. 900 X 140 = 126,000 
than on another, due to irregularities in casting. When cutting Idle ° Ie) GSCe OoX1I2= ° 
Cut de 30 I71I Sec. goo X 171 =153,900 
Cut ec Onn ezOOrsee 81 X260= 21,060 
-50 Idle fe) IQO sec. OC LGO = vie! 
40 1053 496,980 
A similar cycle is then repeated. 
30 496,980 
“Tos3) =470 
470 = 21.7 amperes 
ls which is the r.m.s. value of current. At 220 volts, the voltage of 
15 the circuit, the r.m.s. h.p. input to the motor is 
= See h.p. input 
10 
; (The h.p. input to NS ee for any direct-current 
.07 motor.) : 

-06 The efficiency of the motor being 86 per cent., the r.m.s. h.p. 

05 output is 5.5 h.p. ; 

i %, - The maximum load occurs when the cut ad is taken, which requires 

. 33 X 220 

03 NG L000 X 746 Sos ey: 

025 ~ input or, at 85 per cent. efficiency, an output of 8.3 h.p. 
g If a 5-h.p. motor is used, 8.3 h.p. will be 66 per cent: 
re 02 overload, and considering what has been said above, a 
% ~ modern 5-h.p. motor will pull this satisfactorily. The 
oe r.m.s. value, or that upon which heating depends, is 10 
® per cent. above the rated load. All 5-h.p. motors made 
& 01 by reliable manufacturers will carry this load without 

-009 overheating. 

we The cycle just discussed represents maximum work 

-007 3 

done in this lathe, the average load being less severe. 

-006 rs é 5 

oe Hence a 5-h.p. motor is the proper motor to drive it. 

: Usually a test cannot be conveniently made. In these 

-004 cases the power cycles can be figured from the rate of 

removing metal and the time required for each cut. The 

-008 method of estimating the power has already been ex- 

plained. The time of a cut is estimated as follows when 
knowing the length of the cut, the feed per revolution 

-002 : : : 

and the spindle speed while taking the cut: 
The product obtained by multiplying the feed per 
revolution and the r.p.m. of the spindle will give the 
as advance of the cutting tool per minute. Dividing this 


20 30 40 50 60 70 80 90100 160 200 300 
Cutting Speed, Ft. per Min, 


Trace vertically from the cutting speed to the intersection with the hori- 
zontal through the area of cut (produced by feed and depth of cut) where 
read cu. ins. of metal removed per min. Thus for yz in. feed and + in. 
depth of cut (.o15 sq. in, area of cut) and 60 ft, per min, cutting speed, 


I1+cu, in, per min, are removed. 


Fic. 9—Relation beween area of cut, cutting speed and volume of metal removed. 


through the heavy part the speed should be reduced, thus protecting 
the cutting tools and machine tool as well as the work. For this 
reason adjustable-speed motors with a speed reduction as high as 
25 per cent., can be used to advantage. 

Let us apply these principles in determining the horse-power of a 
motor in actual machine-tool service. A record, Fig. ro, taken with 


400 600 


into the length of the cut will give the time to complete 
the cut in minutes. With this information and the 
time to make adjustments when the motor is shut down 
or running idle, the r.m.s. value can be figured with the 
rules already given. 

The practice in the past, still largely used, is to select 
the motor with reference to the size of a machine, as the 
swing of alathe. The strength of a lathe and, therefore, 
the horse-power it can transmit naturally increases with 
the size of the lathe; but the quantities which determine 
the horse-power are those just discussed and their application will 
avoid misapplications. In many cases, heavier cuts are taken on 18- 
than on 24-in. lathes, the smaller-swing lathe, therefore, requiring 
the larger motor. 

On machine tools where light cuts are taken, it is not necessary 
to figure the horse-power for cutting because 2-h.p. is required to 
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start the tool and run it idle and will do the light cutting success- 
fully. 

The rule for figuring horse-power just described is applicable in 
determining the power to cut metal wherever the round-nose type 
of tool is used, as in vertical boring mills, shapers, slotters, and 
planers. On planers the peak load for reversing must be considered 
in determining the size of motor. 

On planers the general tendency is to use motors that are too 
large. This tendency originated when non-interpole, direct-current 
motors, only, were available, and a peak load caused considerable 


9:00 


beh Teak 


Fics. 10 AND 11.—A piece of lathe work and a graphic record of 
current readings. 


sparking when the planer was reversed. A large motor was, there- 
fore, necessary on account of the reversal. When using alternating- 
current induction motors, or direct-current, commutating-pole mo- 
tors this precaution need not be taken. 

Table 13 shows the results of tests made on various sizes of planers 
with a graphic meter. Note the difference between the motors 
usually specified and those recommended. The recommended 
metors are alternating current and are operating their planers 
successfully. 

Fly-wheels can be used to advantage on the countershaft from 
which the forward and reverse belts are driven. The fly-wheel will 
reduce the peak load on the motor occurring when the planer is 
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reversed. In this way the horse-power of the driving motor can 
often be reduced. 

It is evident that making an investigation as outlined results in 
the selection of the most economical size of motor for the work 
done, and in a smaller motor than that usually specified, because 
the tendency is to select motors to suit the maximum capacity of 
machine tools and no advantage is taken of the fact that motors will 
stand heavy overloads for short intervals. 

The selection of electric motors for machine driving includes other 
questions than that of horse-power. These have been explained 
by A. G. Porcxr, Indust. Elect. Engr. Westinghouse Electric & 
Mfg. Co., (Amer. Mach., Oct. 3, 1912) as follows: 

The speed of the shaft on the machine where power is applied is 
the principal factor which determines the speed of the motor to be 
connected. On forging machines using large fly-wheels these speeds 
are as low as 50 to 60 r.p.m.; on machine tools, such as lathes, drills, 
millers, etc., they average between 200 and 300 r.p.m. Speeds as 
high as 1000 to 2000 r.p.m. occur on grinders and wood-working 
machines. 

Modern practice is to standardize the speeds of motors This 
practice has been brought about by the extensive use of alternating 
current. Since 60 cycles are used in the majority of alternating- 
current systems, the standard speeds of direct-current motors are 
approximately the same as the speeds of 60-cycle, alternating-current 
motors. 

The speeds obtainable with the 60-cycle motors mostly used are 
1700 to 1800; I100 to 1200; 850 to go0; 650 to 720, and 550 to 600 
r.p.m. The higher speed given in each case is the synchronous speed 
at which the motor runs when not loaded. The speed decreases 
from 5 to 7 per cent. as the motor is loaded. 

On 25-cycle circuits the speeds of motors most frequently used 
are 700 to 750; 550 to 600, and 350 to 375 r.p.m. The speeds of 
direct-current motors are given in the second column of Table 14. 
A reference thereto will show the relation to the speeds of the alter- 
nating-current motors just given. ; 

When a belt drive is to be used the quantities to be considered are: 
Speed reduction; pulley sizes; belt speeds; motor speed; distance 
between pulley centers; arc of contact; size of belt; use of idle pulleys; 
mounting of the motor. 

Obtaining the required speed reduction involves the size of the 
motor pulley, machine pulley and belt speed. The sizes of the pul- 
leys used on motors have been standardized according to ratings, 


TABLE 13.—Mortors For PLANERS 


| Motor ie 
Motor | Kw. Kw. Kw. Kw. recom- asaily 
Manufacturer Size used for | cut return reversal reversal Remarks mended 2 
specified, 
test stroke | stroke to cut to return based on h 
| test, h.p. P- 
ins. ites | | 
Ciaveeraciacteeee ss) sSOSCLS 3 133 Bis 4.0 eS Average work, ) 
Chaves ac te oo SOON LH 5 i, 2.8 BS cng 5 tons on tab. 5 15 
GEA eerie fan eee esl! 5 OES 5 De Ge 6 6 Short stroke 
GEAV ee ars catata ccuc| —SAekekO 30 4 6 8 10.5 Aver. stroke 
| 30 4 a Io 12 Short stroke 5 15 
CREVea che Gone peboror ca ee ate, 5 1.8 he Ces Bek Aver. stroke 
Bement-Miles..........| 48X12 5 2 7 8 9 Aver. work 1s 15 
Chandler.:..<.......-».| 24X10 7k 2 SS Ane ek Motor geared 5 74 
| balance wheel 
Detrick & Harvey.....| 42X12 | 5 tes 2.5 5 7 Aver. work 7k 15 
open side | | 

Bement-Miles...........}| 48X12 30 5 sae) 14 19 No. bal. wheel 7 Ti 
Bement-Miles..........| 37X 8 5 1.8 4 6 Aver. work 5 10 
Pratt Qe WiNIENCY. sce oe - HK 8 5 TS 2 2.5 4 Aver. work 2 g 
(Cranach same wae Omen BERG ae 5 Hide 2 2 5 Aver. work 3 5 
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TABLE 14.—STANDARD Motor Ratincs STANDARD AND MINIMUM 
PULLEYS AND BELT SPEED WITH STANDARD PULLEY 


Erg 3 hee Sates 7 8 
Standard Minimum Belt speed eater 
H.p. | R.p.m pulley pulley standard pul- Rte 
| | Dia. | Face Dia. | Face | ley, ft. per min.| 
{ r700 | 3f 2k 3 13 1560 Single 
2 | 1700 | 33 g 3 3 1560 Single 
1200 | 4 3 3 3 1250 Single 
850 4 4 3} 4 890° Single 
3 1800 4 3 3 3 1890 Single 
II50 4 3 34 4 1200 Single 
850 5 44 4 44 IIIO Single 
5 1800 4 4 34 4 1890 Single 
1200 5 44 4 43 1570 Single 
850 6 5 4k 5 I340 Single 
74 | 1700 5 4h 4 4h 2220 Single 
II50 6 5 4t 5 1800 Single 
975 7 6 5 6 1790 Single 
850 of 6 5 6 1560 Single 
650 8 7 6 7 1360 Single 
10 1700 6 5 44 5 2670 Single 
1300 7 6 5 6 2380 Single 
II50 7 6 ic 6 2100 Single 
850 8 7 6 7 1780 Single 
730 8 7 6 74 1530 Single 
600 9 8 64 9 I410 Single 
15 1700 a 6 5 6 3100 Single 
1250 8 7 6 7 2620 Single 
I1I00 8 7 6 7h 2300 Single 
825 9 8 64 9 1940 Single 
675 pae) 9 7 8 1770 Single 
600 II 10 74 9} 1730 Single 
20 1700 8 7 6 7 3560 Single 
I100 9 8 64 9 2600 Single 
900 10 9 yy 8 2360 Single 
750 II 10 74 9} 2160 Single 
650 II 10 8 9} 1870 Single 
25 1400 9 8 64 9 3300 Single 
I100 Io 9 Gf 8 2880 Single 
950 II 10 74 of 2730 Single 
825 II Io 8 ot 2370 Single 
600 12 12 9 10} 1880 Double 
30 1700 9 8 64 9 4000 Single 
II50 Il sae) 7t 9} 3300 Single 
975 II 10 8 ot 2800 Single 
725 12 12 9 104 2280 Double 
600 13 ¥o 10 } «1 2040 Double 
35 1700 10 9 7 | 8 4450 Single 
1150 ii 10 8 oF 3330 Single 
850 I2 12 9 104 2670 Double 
675 13 I2 10 II 2300 Double 
40 1700 II 10 74 of 4900 Double 
950 12 12 9 104 3000 Single 
775 He 12 50) \ 08 2640 Double 
600 14 12 12 13 2200 Double 
50 1700 Il 10 8 9+ 4900 Double 
975 13 I2 Io 1 3320 Double 
750 14 TZ 12 13 | 2750 Double 
SOs, 1 16 13 | 12} I5 2360 Double 


z.e., horse-power, and speed of motor. These are given in Table 14, 
column 3. This fixes standard practice for belt speeds (see Table 14, 
column 7). 

As the size of motor pulley is reduced on any motor, the strains 
on the motor bearings and shaft are increased. A minimum pulley 
is, therefore, specified by motor manufacturers for each motor rating 
(see Table 14, column 5). The maximum size of the pulley on a 
motor is required only where speeds higher than the motor speed 
are required. This is, in nearly all cases, limited by the belt speed, 
which should not exceed so000 ft. per min. 

In some cases, with small motors especially, the size and location 
of the motor are such that the diameter of the motor limits the largest 
pulley. 

The success of a belted motor application depends largely upon 
the arc of contact. The distance between centers of motor pulley 
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and machine pulley, as well as the speed reduction, determines the 
arc of contact on the smallest pulley, usually the motor pulley. 

Motors can be furnished with idler pulley attachments, and these 
are applied to advantage where it is necessary to overcome a small 
arc of contact. When necessary to obtain extremely low speeds 
back-geared motors should be used. 

A good standard for the back-geared type of motor is one having 
a speed reduction of 6 to 1 between its armature and countershaft 
speeds. Usually, if the required reduction in speed exceeds 6 to 1, 
a back-geared motor should be used. For instance, if the reduction 
is 12 to 1 between the motor speed and the machine speed, a back- 
geared motor with a 6 to 1 speed reduction should be used, and the 
further reduction 2 to 1 obtained by means of a pulley on the counter- 
shaft of the back-geared motor. 

The pulleys furnished with motors make provision for the proper 
width of the belt. Table 14 shows whether a single or double belt 
should be used. The width of the belt should be 1 in. narrower 
than the pulley face on pulleys up to 12-in. face; above that it should 
be 2 ins. narrower than the pulley face. 

The cost of a motor of given horse-power increases as the rated 
speed decreases. For instance, the cost of a 1o-h.p. motor at 1200 
r.p.m. is approximately the same as a 5-h.p. motor at 600 r.p.m. 
The cost increases in the same proportion as the square root of the 
torque figured at 1-ft. radius. From a cost point of view, therefore, 
as high a speed motor as possible should be used, but the diameter of 
minimum pulley specified should not be gone below. 

When the machine pulley is fixed, as when belting to a fly-wheel, 
the motor pulley must suit the requirements of the machine. Care 


must be taken not to go below the minimum motor pulley and the 


arc of contact must also be carefully considered, for in these cases 
the reduction is usually large. 

When the machine pulley can be chosen to suit, the standard 
motor pulley, Tables 14 and 15, will assist in selecting the proper 
speed of motor and size of pulleys. Table 15 gives the machine 
speed at the left column and the motor speeds at the top of the table. 
The figures in the body of the table are the speed reductions for any 
combination of machine and motor speed indicated. 

The letter B indicates that the motor is to be belted directly, and 
the symbol Bog indicates that a back-geared motor be belted. The 
figure after Bbg indicates the reduction between the motor counter- 
shaft and the driven machine, if a back-geared motor with a 6 to 1 
reduction is used. 

The heavy-faced type indicate the method recommended in the 
majority of cases for the combination where it occurs. Thus, for 
machine speeds between 600 and 1500, use 1800-r.p.m. motors; 
between 350 and 600, use 1200-r.p.m. motors; between 250 and 350 
use 900-r.p.m. motors; between 150 and 250, use 720-I.p.m. motors. 
For the smaller power requirements, and between 150 to 200 for 
the large power requirements, use 600-r.p.m. motors. Below 100 
and 150 r.p.m. it is best to use back-geared motors. 

It is poor practice to use back-geared motors whose initial speed 
is 1700-1800 r.p.m. in the majority of cases. In applications re- 
quiring from ro to 20 h.p., 1200-r.p.m. back-geared motors should 
be used; above this 90c-r.p.m. or 720-r.p.m. back-geared motor 
should be used. 

Before deciding upon any belt drive the arc of contact should be 
carefully checked. In machine-tool work, for applications where 
belts are used, the distance between centers is usually between 3 and 
5 ft. Motor pulleys range from 3 to 12 ins., and the arc of contact 
is usually considered when the ratio of reduction is between 3 and 6. 

Table 16 shows the arc of contact, knowing the size of the motor 
pulley, ratio of reduction and the distance between pulley centers. 
Table 17 shows the effect of the arc of contact on the transmitting 
power of the belt. The decrease with decreased arc of contact is 
expressed by a percentage which the power transmitted at a given 
arc of contact is of the power transmitted at 180 deg. 
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To transmit the required power the pulley and belt width must 
be increased or an idler pulley must be used to increase the arc of 
contact. An example will best illustrate the application of Tables 
14,15 and 16. The speed of the machine is 185 r.p.m.; the h.p. re- 
quired is 73; the distance between centers is 5 ft. What motor 
speed and what pulleys should be used for the belt drive? 

Refer to Table 15. This shows that for 150 to 200 r.p.m. a 720- 
r.p.m. motor should be used. 

Refer to Table 14. A 7}-h.p. 650-r.p.m. motor has an 8X7-in. 
standard pulley and a 6X7-in. minimum pulley. 

The speed reduction with this motor is 


Refer to Table 16. The arc of contact for a ratio of reduction 
of 3.5 (average of 3 to 4), the distance between centers of 5-ft. and 
8-in. motor pulley is 160 deg. (average of 164 and 157), and with 
a 6-in. motor pulley is 165 deg. (average of 162 and 168). Either 
will give successful service. The machine pulley would be with an 
8-in motor pulley 3.5X8=28 ins. and with a 6-in. motor pulley, 
3.5X6=21 ins. 

The face in either case will be 7 ins. and a single 6-in. leather belt 
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should be used. The combination of 8-in. motor pulley and 28-in. 
machine pulley is preferred because the motor pulley is standard. 

The above example covers a case where the machine pulley can 
be seclected at will. In cases where a motor is to be belted to a 
fly-wheel or to a pulley on a machine which cannot be easily changed, 
the procedure is as explained in the following example: The size 
of the machine pulley (fly-wheel) is 72 ins.; the speed of the pulley is 
100 r.p.m.; the h.p. required is 15, and the distance between centers 
is 6 ft. What motor speed and motor pulley should be used? 

Consider a reduction of 6:1 belted directly. The motor speed 
must be 600. The size of the motor pulley 


machine pulley __ 72 
ratio of reduction 6 


— 1 nS: 


Table 14 shows that a 12-in. pulley can be used with a 15-h.p., 
600-r.p.m. motor. It is 1-in. above the standard pulley diameter. 

Table 16 shows that for a 12-in. motor pulley, a ratio of reduction 
of 6, and 6 ft. distance between centers, the arc of contact is outside 
the limits of the table and the arc of contact very small (below 120 
deg.) 

A successful drive can be obtained by using a 12X1o-in pulley 
on the motor and employing an idler pulley. It is not customary 


TABLE 15.—RELATION OF MACHINE AND Motor SPEEDS. RECOMMENDATIONS FOR BELT DRIVE 


Approximate motor speed 
1800 1200 | fefere) 720 | 600 
| 1500 roe 6 
| 1000 ise as} rs, 8 
Kfore) 2 B Tease | 1B! oi 38 
mK | 600 3 B 2 B ia) 18} ee 183 167) 18} 
& | 500 ely 13! ed es its) 1B} 1.44 B Ta2= 8B 
3 400 A556 B 3 B 2.25 B Teo ees 5 eb 
& 350 mace Ue 3.4, 6 2520S DROOL Tove es 
S 300 6 B 4 B 3 B 2.4 B 2 B 
“= 250 7.2 Aa8) 9B Re B 250) 3 2.4 B 
= 200 | 9 6 B 4. B BG 333 3 B 
= rage | 12 8 Biber 3 6 B 4.8 B 4 B 
2 roo | 18 12 Bbg 2 9 Bbg 1.5 Hao Wieye G08) 6 B 
wn 90 20 £348 DDSe 223 10 Bbg 1.67 8 Bibs aeres3 6e72 SBbge mers 
80 22.5 15 Bbg 2.5 11.3. Bbg 1.88 9 Bbg 1.5 75 Bbgeme25 
70 25.3 17.1 Bbg 2.85 12.9 Bbg 2.15 10.2 Bbg 1.7 8n0) = BbewL4s 
60 30 20 Bboweskes 15 Bog 2.5 1 Bbg 2 10 Bbg 1.67 
50 36 24 Bbg 4 18 Bog 3 14.4 Bbg 2.4 12 Bbg 2 


B=Motor belted direct. Bbg.=Back-geared motor belted. Bbg=1.33, etc., the number indicates reduction from countershaft speed. 
The heavy-faced type indicates the motor speed recommended in most cases. 


TABLE 16.—RELATION BETWEEN Motor PuLiEy, DISTANCE BE- 
TWEEN CENTERS OF PuLLEYS, RATIO oF REDUCTION AND ARC 
or Bett Contract. 


Distance 
between 
centers, ft. 


Ratio of 


Diameter of motor pulley, ins. 
reduction 7 


6 
163|1601157 
170 167|165 
170 168 
160|155|150| 
162 158 
166 162 
148/142 
157|152 
162/157 
139|131 
150144 
156/152 


be) 
147 
156 
161 
132 
144 
reste 


It 


145 
155 
160 
126 
140 
148 


5 I2 


141 
I5I 
157 
122 
137 
146 


w& 


APWaAD WHR WHA 


19 


TABLE 17.—RELATION OF ARC OF CONTACT TO POWER 


TRANSMITTED 
Arc of contact Fen cons a pores 
transmitted 
180 I00 
170 94 
160 89 
150 83 
140 78 
130 72 
120 67 


for motor manufacturers to supply idler attachments on such large 
motors. 

When a geared drive is to be used the points to be considered are the 
following: Speed reduction; pitch of the gears, number of teeth 
on the gears (pinion and gear); face of the gear; pitch-line speed; dis- 
tance between centers; use of idler gears and mounting of the motor. 
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Taste 1r8.—Stanparp Motor Ratincs AND DatTA FoR GEARED ‘TABLE 19.—ADJUSTABLE SPEED Moror RATINGS AND DATA FOR 
CONNECTIONS GEARED CONNECTIONS 
A . SONOS: 
Max. No. of R.p.m. | Smallest Gear data Pitch-line o3 3 
Number of teeth Face teeth for pulley s nae e d hee a es 4 3 
S Std. p.l. speed of a F 2 ‘ x 3 8 a min. ‘| 3 8 
<a is S Stan-| see Min. Raw- pice ae ae 3 s g 3 § 2 a a a iE 3 % 3 4 6 a i 
ey |) OP € wey || = ; line | dia. fialldooote A|)s }] s n| @ 3 S| a/S als oe g 
od a | dard hide | P#?- 9 | hide paced r000 ft. t. A g 2 
Q pin- a ion | | and per min. | per min. z Riaiecaolas Sag eras trie ae oa nase BS 
ene ISO oa 600|1800] 3 | 3] 8 | 13] 22 | zo |2.38] 375 | 825 46 
rt |z700| 8 17 T5e rsa ler 13 | 940 | 1.63 18 36 450|1800] 3 4|8 14 2¢ I9 |2.38 oe ein ee 
1 |r200] 8 17 15 rey acy | 8 |) oes || EGR) AG 50 2 |1100/2200] 3} 3 | 8 uf at 19 |2.38 ae ae z% 
2 |r700] 8 17 I5 aca es 2 940 | 1.63 18 36 740/2200) 3 4 | 8 es Fs 19 |2.38) 460 |1380 zh 
2 |1200| 8 22 20 sop || aes 21 | 870 | 2.38 25 50 450|1800} 4 43| 6 2% | 3% 18 /3.0 | 355 |1420 5 
2| 850] 6 18 21 LOM 1 21 | 615 | 2.38 36 72 3 [1000/2000] 3 ANTS Dpaiees 19 |2.38| 625 |1250 30 
3 1800] 8 22 20 19 | 13 Dee lee KaXen || Pinseslen po ae 34 660/2000] 4] 43| 6 23 | 3% 18 |3.0 | 520 |1560 23 
I1so| 8 22 | 21 19 | 13 23 | 830 | 2.38 26 52 450|1800} 42] 5 | 6 ee 3% T3303 55. ee 25 
850] 6 18 18 18 | 23 3% | 670 | 3 27 54 375\T500| 5 66 ce 28 18 |/3.0 | 294 |117 30 
5 |1800| 8 22 2 TOWERS QI ATS OOaleee 3 Clee tees 34 5 |1000/2000] 4 | 43] 6 2% | 3% 18 |3.0 | 790 |1580 23 
I200| 6 18 18 LOuie2a 3s [ozo 3s 19 38 750|I500| 42] 5 | 6 Oey ees 18 |3.0 | 590 |1180 30 
850) 6 21 19 18 | 23 3% | 990 | 3 27 54 600/1800| 5 6/16 2? 38 I8 13.0 | 470 {1410 25 
74/1700] 6 nh || ade || el DE) ae ieee haa Gea ge 26 ASO|ESOO|) (O75. ies lesa 18 |3.6 | 425 |1700 21 
II50| 6 2I 19 18 | 23 3% |r050 | 3 20 40 375/1500| 6 73| 5 3% | 44 18 |3.6 | 355 |1420 25 
975| 5 19 18 TSaeS Be | O7Or| 36 19 38 95 9900/1800] 5 OmING 22 | 32 18 13.0 | 705 |1410 25 
850] 5 19 18 EOalas 32 | 850 | 3.6 22 44 8000/1600) 5 Gulls 3 32 18 |3.6 | 755 |1510 24 
650| 5 20 18 78: | 3 Be OSSsul S20: 29 58 600/1800| 6 baal 2 3% 13 13.6 | 576 37 to 2t 
IO |I700| 6 21 19 78 | 22 Seo DAZOu le sae wali cose 27 500|T500] 6 qk| 5 34 t 18 |3.6 | 475 |1425 25 
1300] 6 22 19 1S iieze Be As@e pet Wea. 5 ee 35 450|t800| 63} 9 | 5 San 4 I9 |3.8 | 450 |1800 21 
£156) 5. 19 18 rien Aes On| tat Ori | ees eee te ee 2%) 350/1400] 63} 9 | 5 34 | 4t 19 |3.8 | 350 |1400 27 
850) 5 20 18 ES 3 Fl S00) 5376 22 44 10 850/1700| 6 Gm aes 3 3% 18 /3.6 | 800 |1600 Za 
730s 21 18 18 | 33 4% | 805 | 3.6 26 52 750|1500| 6 7\5 2 Se 18 |3.6 | 710 |1420 25 
600) 5 21 19 IO | 3% 4% | 665 | 3.8 31 62 600|1800| 6 7k 5 34 + 18 /3.6 | 570 |1710 21 
I5 |1700| 5 19 18 rite It 2) FET OO Ml, 3aOullvantevas ees 22 500/I500} 63} 9o | 5 34 t I9 |3.8 | 500 |1500 25 
I250| 5 20 18 iKeh If <2} Be TSO Wes OL onc cone. 30 450|1800| 6%) 9 | 5 3% | 44 I9 |3.8 | 450 |1800 21 
LEsel) 5 21 18 18 | 33 AAC | LZ0O tes Ok aes ees 35 375|I500| 7 8 | 4% | 4 5 I8 |4.0 | 390 |1560 23 
825] 5 21 19 | 19 | 33 | 4% | 910 | 3.8 23 46 15 780/1560} 63) 9] 5 | 33 | 4%] 19 |3.8 | 780 |1560 24 
675| 4% 22 18 18 | 4 5 870 | 4 25 50 600|1200] 7 8 | 44 14 5 18 |4.0 | 630 |1260 28 
600} 43 22 TOR ela es 5 TOU Ae2e 29 58 500/1500| 73] 92%] 4% | 4 5 19 |4.22| 555 |1665 23 
20 |1700| 5 20 18 £83 SE Ne ZOO WSO nw wee 22 400/1200] 8 04| 4 42 | 54 I8 |4.5 | 470 |1410 25 
TIOO| 5 21 19 19 | 32 Ales | UAE Ih 5a83) [lo Siro co ee 35 375|I500] 9 | 103] 4 44, | 5a 18 |4.5 | 440 |1760 20 
900) 43 | 22) 18] 18] 4 5 |II5s0 | 4 19 38 20 !|.650/1300/ 72] 94] 44 | 4 | 5 19 |4.22) 720 |1440 26 
750| 4h 22 19 19 | 4 5 960 | 4.22 22 46 550/Ir00| 8 94| 4 44 | 54 18 |4.5 | 645 |1290 28 
650| 4 21 Ty) rR 4t 54 | 890 | 4.5 23 46 500/1500} 9 | 103} 4 4% | 54 18 |4.5 | 590 |1770 20 
25 |1400] 5 21 19 19 | 34 AP WESSON S28 le eve ee ord Dif 400|1200]} ro | rr | 32 | 4% 18 |5.53] 580 |1740 ar 
[Ir00| 4} 22 18 18 | 4 Se ETAOOS A rnl|Fe ree 31 300/I200| 12 Tees ay yoke I5 |5.0 | 390 |1560 19 
950| 43 22 19 Os | eA! SU P220 I Bee Sec arial 36 25 550/1r00| © | Toh) 4 4 | 54 18 |4.5 | 645 |1290 28 
825| 4 oF 18:| 18 | 4} Sr Taso 4. 18 36 400)1200) (72) 13 | 3 44 T5529 | 525 10575 19 
600} 4 22 19,| 18 | 44 ey I SON! acts 25 50 300/1200) 123] 15 | 3 43 18 |6.0 | 470 |1880 19 
30 |1700] 5 ZF 19 | 19 | 34 AL NESSON 258". cee en. 22 30 550|1100] ro | rr | 3% | 44 18 |5.53| 800 |1600 23 
lrr50 44 22 19 19 | 4 5 NE ATOM Awe te ee coe 30 350/1050] 123] 15 | 3 44 18 |6.0 | 550 {1650 22 
OTS 4 21 18 | 18 | 4} Ey aoa NESS KO be [rhe teal Sehr Se eure 250|1000] 14 | 18 | 3 At 18 |6.0 | 390 |1560 22 
725| 4 22 19 | 18 | 4} 5} {1050 | 4.5 21 42 40 550\1100| 12 TS aes 44 I5 {5.9 | 720 |1440 21 
| 600) 3% 20g ie TS ie | peAde | erences 970 | 5.53 20 4o 350/1050| 124! 15 | 3 44 18 /6.0 | 550 |1650 22 
35 |1700] 4} | 22 18 xe || Zt Sl i2LSOr (sa) Bile srectieee 20 250|1000] 16 | 21 | 3 43 I9 |6.33] 415 |1660 23 
ltr50 4 on 18 18 | 4} 5 ES COME A 5im| aie ete 27 50 500/1000] 123] 15 | 3 44 I8 |6.0 | 790 |1580 23 
| 850] 4 22 I9 18 | 4} 5¢ [1220 | 4.5 18 36 325). O75)) 55 | 2a | 3 43 19 |6.33] 540 |1620 23 
O75 asa ZO WGA cars DRS IME te lee ee 1080 | 5.53 18 36 
Be eae | 221) 2 324)) FOO) Ns Sat 80a 22 tor aon 20 If reductions greater than 7 to 1 are required, it is usually necessary 
os os a oy r8 i S Ei RSLO RACHA Goce es oa to obtain the reduction by the use of two sets of gears. Back- 
as es on reine ‘ e basin ioe are et be _ geared motors can be used to furnish one set of gears in these cases. 
50 |1700| 4 21 ESS Saat es ae 123400 [eerste ane 18 Thus if a reduction of 10 to 1 is desired, a back-geared motor with a 
975) 32 | 20]..... 18 | 44 |..... 1580 | 5.53]........ 25 standard 6 to 1 reduction, with a further reduction from the counter- 
750! 3 isa broercs TSMR AD alee ELTO: |) 5 15 30 ike) 
565| 3 20s a: HER ee Wn Soe 990 | 6 20 40 shaft of the motor to the machine of RB to I or 1.66 to 1 will fulfill 


Here also, each motor rating has a minimum pinion for the same 
reason, limiting stresses. The pitch, number of teeth and face for 
motor pinions have been standardized for back-gear motors and the 
best practice when gearing a motor directly to machines is to use 
these motor pinions as far as possible. 

The pitch-line speed is limited by noise when steel pinions are used. 
A speed of 1000 ft. per min. should not be exceeded if quiet operation 
is desired. Between ro0o and 2000 r.p.m., rawhide or cloth pinions 
should be used; 2000 ft. per min. should not be exceeded if it can 
possibly be avoided. 

Table 18 gives the standard motor ratings and additional data 
for geared drives all of which are useful when working out geared 
motor applications. 


the requirements. 

An example will explain how to proceed in a motor application 
where gears are to be used: The speed of the driven shaft of the 
machine is 210 r.p.m.; the h.p. is 10; the motor is mounted on the 
machine and the limiting distance between centers is 12 ins. What 
are the sizes of gear and pinion to be used? The machine is a punch 
and shear. 

In this case a pitch-line speed of approximately tooo ft. per min. 
will be employed. Table 18 shows that a to-h.p. motor at 850 r.p.m. 
is the highest speed motor that can be used for this pitch-line speed. 
The ratio of reduction is then 

850 


aro HOS (use 4 to 1) 


PERFORMANCE AND POWER REQUIREMENTS OF TOOLS 


TABLE 20.—POWER REQUIREMENTS OF MACHINE TOOLS IN GROUPS 
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Observed Observed Observed | Observed 
Kind Size ao eles Remarks Kind Size ae — Remarks 
maximum average maximum average 

BorinG MAcuINES LaTHES— (Continued) 

Bullard, single head....| 36 ins .78 .52 RECawast oo es Be 16 ins. .48 36 
Bullard, double head...| 42 ins oe U2 1.08 Bigisdelorn yes el: TONS Mitt eer .39 

Cam CuTTERS Blaisdelleeee eee a: PO gbth sl dtoeanceon 44 
Erarmarditeewte ct eee ING ay a Weta Rten, .67 Reed 22 ins. e377, .32 
Brainard. ji. wcherie oe «41 No. 4 .48 .32 Reedernyn nih etree PYG tas, lle eewers Toate .25 
Brainard aca. oees ss. No. 5 48 32 Blaisdell....... PUL. «ube mer tateasitees Bie 
Lathe:type, single’head.\ow.. ... |e eee 132 PHONtICe nc uircsiee oat BONING oll eres Sa oT 
Mathetype, double head. .. uss sewch: cam eee oon .50 Drapensceeceon tet eicupeak Sy well eek aaa 58 

CuTTING-orF MACHINES. Reed speed lathe...... TOMHgsh leet eee 10 
Hurlbut—Rogers....... PaCS Were an i 12 Reed speed lathe.... .. TAR LIVG suet liveness ais m2 
Hurlbut-Rogers....... 2 ins. 28 SrA Cone nS Putnam squaring - up TS Ss« 9 eens arte 125 
Hurlbut-Rogers....... 3 ins. .34 +20 to: .22 lathe. 

DRILLING MACHINES. Gisholt turret lathe.... Sizes Olas cee: .70 
Prentice Brose radials. a" Now) |e ccies sas .72 Potter & Johnston No. 1 T.63 -33 to .63 
Prentice Bros. radial. Slee NOs 3.18 I.12 semi-automatic. 

(, Sensitive ) Jones & Lamson flat} 2X24 ins. 1.97 1.20to 1.80 
Woodward & Rogers { single- i AST turret. 

U spindle Wood turning lathe... . TAINS = — cleo acs 130 
Dwight-Slate......... B-SPIBGLE jee. sr ww vais 132 Wood turning lathe... . TO INSie ilsteoven eee .36 
laodward & Rowers { Soares fale as Wood turning lathe 36 ins. 1.50 a) 

3-spindle J (Putnam gap). 

Woodward & Rogers...| 4-spindle |.......... .48 MILLING MACHINES 

Woodward & Rogers.. | 6-spindle |.......... ier IBrainarc: at heer No. 1 may .30 
Prentice upright.......} 16 ins. .25 Brainard sees ene No. 3 64 .26 
Prentice upright....... Wests Wire p farce cmt. AES Brainandawen re ctvtcmres INOS AIM eee eros cosye 19 to .20 
Prentice upright....... BOARS Me |e te cscs: -42 Braiianrd avers NORE Reece svorstenecays I3 to .19 
Prentice upright....... BEMIS [eerie 5 -59 Braimarg womans INOTOme herders 20 
Blaisdell upright...... RATS. ke | |lercrct enters ts .47 Brainard wien tee NOR alte -caias tent 83 
Blaisdell upright...... SG 0RSee en es ake 22 ‘Brainard trea asawcds NOvAT Ay Ulead tees 25 
Blaisdell upright... ... BREAN cnt costae <25 Brainard. cyte. taco: ANG scTiB ee me io re Jee uD 25 
Blaisdell upright...... SONS [ieee oc nate Becker vertical........ IN On 3. gd Wetereteistens aia .26 
Blaisdell upright...... SATS Ue a A Baas .45 Becker vertical........ INOS Sings allt, anateiege eaeie 255 
Blaisdell upright...... BO TASin | oce wr ee 255 Becker-Brainard..... INO ey Woks Groots ae 17 to .25 
Blaisdell upright...... Cae CRN eee nee .63 Brown & Sharpe...... NGacBs ow lt. cota eyalee eI5 
Blaisdell upright......| ROME ers ace nic .83 Brown & Sharpe...... ING 2P sn Wineyeneiecctane .25 

GEAR CUTTERS | Brown & Sharpe...... NOs ht Shite eearette et .30 
ira wnisc dears cic RASCON Ae. MI ear. Saas. .I5 to .32 DRUG s Me Beye ot ae Re NOT Pei he ee 83 
Gould & Eberhardt.... ING 5 Se ue bi asecuttacee 20 Pratt & Whitney hand INOMTS apa ie eee cre 20 
Brown & Sharpe...... FeO s tn finev. anaes 20 PLANERS 

GRINDERS Wihitcombasnn vse eis 17 ins. 2.01 1.00 to .43 
Brown & Sharpe cutter; No.3 |.......... 32 MWSTRCOIND Aon oongoe aun 22 ins, <5 ft. 2.34 I.16 to .53 

and reamer grinder IDGHOAT Is Gace boo soeoe 22 ins. Xs ft. 44 70 
C. H. Besly &Co. gard-| No. 4 1.42 53 Bitnamene eee eee Asin CO tal Renee artan 84 
ner grinder. Putnam's seseencenree 26 ins. x5 ft. I.59 .81 
Brown & Sharpe plain.) No.1r |.......... -80 Putnam,......++..+. «| g01ns: >C6ft: 4.91 Tagr 
Brown & Sharpe surface] No.2 |.......... 40 Buchan neces OnnSaeonnhts 5.46 1.56 
Brown & Sharpe surface} No.3 |.......... -50 Powell .| 36ins. X roft. 4.00 1.60 
Brown & Sharpe uni- DiGa-t > Mile Serta ec .60 Pond tee ee eee 50 ins. Xo ft. 2.04 1.14 
versal. = Wood panel planer.... 34 ins. 7.75 3.70 
Brown & Sharpe uni- IN er Deiter eiatig sate .76 : Wood surface......... 24 ins. 3.40 2.00 
prereset. Carrying || porisuinc STANDS 
Diamond Wetor EtOONnn Salclants c's 3.29 .97 one 20-in. Boone Chacnewene NOS See Clie ae ae eno 
grinder. wheel Diamond) yc yao ates INGaSa | sxsttana tosus I.I9 
Carrying 
OEIC Oe MR ATICOBEF Ie << oqvecie © «|| vse coss ace ones -41 to .82 two 24-in. PUNCH PRESSES 
wet gxinder) wheels BlissMratcaa.tneroteeres No. 3 2.59 1.26 

Drop HAMMERS PROFILING MACHINES 
Bitandellig: se cueerrosress AO IDS Neca ean zcoie! 10 Garvin cence Wrenien le aneoneads .50 
Pratt & Whitney...... WBE OIDs illest ahare lo. there 2.00 Pratt & Whitney...... NOs, Ou sume Patna tec cee -40 
Pratt & Whitney...... SOP UD Sellicete roles os oxo 2.50 BanpD SAw Used for 
Pratt & Whitney...... GOOMBS ean cunt 3.00 Hay Gn Comin wore 36-in. wheels 3.00 87 pattern 
Pratt & Whitney...... SOO DDS nies ace sient 3.50 Cir cumnicnwe work 
Pratt & Whitney...... TOGOMDS:, [ty promis adi atere 4.00 Pea eps CA Ae ian DAES 3.77 1.05 
Billings & Spencer..... ES OOMDSs leietaie elele nas) = 5.00 Wi hitnas. cae. wee Sinn blade 3.75 1.04 

PowER HAMMERS WEES 25 daw ate 13-in. blade | 5.82 1.21 
STACEY ceria cet tielp «eye = HOO MDS le ra oe siete ces -50 

Hack Saw 
PSTACLOY a cece slsvene wes ESO MDS ails er here eels os revs ‘ 
Pataca Miu schata a ete Ss) ete a icheits Ue -tOvTA iss }./.' cee ce .06 

KEYSEATER 
VA CR AISLOS Re her cua.s: creer No. 4 .64 128 tO0 232 ScrEw MACHINES 

LATHES Brown & Sharpe auto- INO Tee | sareeenerot a etoys .60 
Reed boring lathe... .. Sounss Yue. 2 yee. 25 matic. 

Reed boring lathe..... RG ARS Ge wraie sey ewes BANE Pratt & Whitney auto- INOue cea tiiaenc area 37 
Reed engine lathe..... TANS, dla saa ae .24 matic. ‘ 

Reedilathescdencass seal LANs. .48 . 26 Pratt & Whitney...... INCH Wi aastvere aoe .72 
PPentice «coo eie cat pieuiers POMS Wield cae .34 
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TABLE 20.—POWER REQUIREMENTS OF MACHINE Toots IN Groups—(Continued) 


7 | Observed Observed Observed sr 
S ; horse- orse- 
Kind | Size es ee Remarks Kind Size eo power, | Remarks 
| maximum average maximum average : 2 
ScrREW MAcHINES—(Con tinued) | SCREW Macuines—(Con tinued.) 
Pratt & Whitney...... | INOse aaa ene enya eee .80 Pratt & Whitney hand. Nioelta gt ) el aoueset. omc 43 
Brown & Sharpeauto-| No.3 |.......... .80 Pratt & Whitney hand. INiOs 2H Ulett coda cs 47 
matic. Pratt & Whitney hand. Nonagu Mie. net .50 
Pratt & Whitney auto- | No. 3-0 I.04 | .90 SHAPERS 
matic. | Lodge & Davis........ TANS}. alee ae xs 
Pratt & Whitney...... | No. 3-B I.04 .90 Hendéyisc ce ane ax BOANGE alcmeetee .50 
Brown & Sharpe...... | IN@s 10.0) glean stasen tenes .36 Méndevirws cone 24 ins. a, Save er 152/bOne 70 
Cleveland eran nsk ace | re cD aA ey Suse te cn kee i .40 Hendeys aaa enccntne 28 ins tle Ane SO /@ 
Glevelande minor. 5. sak | DMT Se yl aNee eae .87 TAPPING MACHINE 
Cleveland Sauce ei 22 ins. I.04 | .90 Pratt & Whitney ...... Nios 2 2 alle ee .10 


The distance between centers for any set of gears is determined 


by the formula: 
b 


~ 2P 

where @ is the distance between centers in ins., b is the sum of 
the number of teeth in both gears and P is the diametral pitch. In 
this case 


a 


(AAS =O? ) Six 
2X5 
The number of teeth in the pinion is, 
b 120 


Ratio of reduction plus 1 = 5 2 RNR O ROIS 


pulleys and pinions are determined by the minimum speeds of the 
motors. 

Table 19 contains the ratings mostly used and pulley and gear 
nformation for this type of motor. 


Power Requirements of Machine Tools in Groups 


Data relating to the power required to drive machine tools in 
groups are much more difficult to obtain and are correspondingly 


Loap Dur To LINE AND COUNTERSHAFTS 
Per cent. 
of friction load to 
the total load 


TABLE 21.—FRICTION 


Department 


in the motor pinion. The number of teeth in the gear is 4X24=06. Cam-cutting department . 26 
Table 18 shows that the pitch-line speed for this motor with 20 Cutting-off department Auf AB 
teeth is 890 ft. per min. The pitch-line speed with 24 teeth is Cuttermaking department == a eee ee eee 
24 F Chucking department «RIS pao! Ux ay ee 
— X890=1070 ft. per min. : oe 
20 Light dillineidepartmenti.. =e eee ees 
If quiet operation is desired a cloth or rawhide pinion should be Heavy drilling department Say 
used with a 34-in. face. Thus the gears are specified as follows: Grinding department ead 
Motor pinion (rawhide) P=5, face 32 ins., 24 teeth. Machine Lathe department ; Tha Hse be lntae eaoe eee Ss 
gear (steel) P=s, face 3 ins., 96 teeth. Mullin gidepantinen tamer: ee 
Applications of adjustable speed-motors are dealt with in a similar Planing department Be, 20 
way. The belt speeds and pitch-line speeds must be carefully con- Patternmakine depant men tere eee ene eee] 
sidered on the maximum speeds of these motors. The minimum Jig and fixture making department 52H 
TABLE 22.—POWER REQUIREMENTS OF MACHINE TOOLs IN GROUPS 
Floor area Total aver- pees ANOS Total 
Per cent. Total aver- and line- | power used 
of ma- Oe age power | 72° Power shaft load} in doi Dowember 
Kind of machine Kind of work 5 chine and | 78° POWE per ma- a a Soe sq. ft. of 
chines per machine hie, per ma- actual 
: operator 5 chine in Se 2 floor area, 
running in eq. ft in watts! apie chine in work, in Peat mmc 
ilecad watts? watts! 
No. 2 horizontal Rockford boring mills..) Boring bearings in aluminum cases..| 85 I50 1620 1320 II00 300 8.8 
No. A Cincinnatiomillersesres ee aga Light milling on aluminum........ | 100 120 995 9095 830 500 8.3 
16-in. Lodge & Shipley lathes.......... | Turning small forgings............ 60 55 900 555 506 87 10.1 
Double disk grinders; double buffers; | Grinding and Polishing ese ee 55 is 1800 1000 300 830 18.2 
two-wheel emery stands. 
24-in. Bullard vertical lathes........... Heavy cuts on cast-iron fly-wheels. . 100 100 1350 1350 350 1000 13.25 
24-in. Gould & Eberhardt gear cutters.. Cutting small cast-iron gears...... 100 65 333 333 250 83 oe 
Four-head Ingersoll milling machines. .| Making four cuts on cast-iron cyl- 100 300 3550 3550 2300 1250 11.8 
inders. 
Baker single and Bausch multi-spindle | Drilling and tapping cast-iron...... 40 70 I530 637 550 217, Out 
drills. 
Heald grinders, No. 60 internal grinders. 3) Cylinder Erindiniga ere 85 70 2830 2430 1860 500 BAe 
No. 6 Whitney hand millers........... Keyseating small cast-iron gears... 60 40 365 220 120 165 Sas 
Landis No. 2 grinders.................|Grinding cam shafts.............. 80 Oo | 1875 I500 1000 625 16.7 
Norton 10 by 50-in. grinders.........., Grinding pistons and small forgings 70 100 2000 1400 II00 450 I4 
Jones & Lamson flat turret lathes...... |Machining small forgings.......... 85 65 675 560 200 375 8.6 
Eight spindle Cincinnati gang drills.... Drilling and reaming connecting 100 | 110 2840 | 2840 2000 840 25.8 
rods (8 holes). | | ; 
Potter & Johnston automatics......... Turning small cast-iron gears...... 100 | is 690 690 440 250 9.2 
1%-in. Gridley automatics............. Machining cast-iron pistons....... 100 200 1520 1520 | 1250 270 Fao 
No. 4 Warner & Swasey turret lathe.... Machining small forgings ST 65 55 560 360 310 70 6.5 
24-in. Cincinnati drill presses.......... Small drilling on forgings.......... 90 40 520 474 345 | 100 Ir.8 


1 Deducting idle machines. 


2 Including idle machines. 


3 Exhaust fan not considered. 
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less numerous than those relating to tools fitted with individual 
motors. The individual motor must be proportional to the maxi- 
mum requirements of the tool, while the group motor has to meet 
only the average requirement, this average taking into account the 
fact that some of the tools are normally idle at any one moment. 
Group driving therefore calls for much smaller motor capacity than 
individual driving. 

An excellent determination of the requirements for group driving, 
by L. P. Atrorp (Amer. Mach., Oct. 31, 1907), is given in Table 
20, which includes the results of many thousand observations ex- 
tending over a period of about six months in a plant comprising over 
2000 machine tools. The experiments were made prior to the intro- 
duction of high-speed steel and on machine tools, generally speak- 
ing, of the light or medium class used in making light automatic 
machinery. The rough parts were made with a small surplus of 
material to be removed, making the work of the cutting tools light. 
Since the chief use of high-speed steel is in removing large quantities 
of stock, the tests have permanent value for the conditions under 
which they were made. 

The tests were made possible by the arrangement of the works in 
departments, each department being devoted to tools of a given 
kind, not usually differing much in size. 

In the case of departments containing a variety of sizes, the re- 
sults were arrived at by a process of elimination. The tests were 
made under strictly working conditions. 

The motor capacity for a department is subject to correction from 
the total obtained from Table 20 to cover the factor of departmental 
slip due to that lessening of the average horse-power values of 
machine tools due to working conditions in the department. During 
the progress of the tests the horse-power actually used by all of the 
machine tools in the plant was checked against the value obtained 
by computation after applying the individual horse-power values 
to the entire machine-tool equipment. Certain classes of machine 
tools were eliminated, such as speed lathes, grindstones, tool grinders, 
snagging grinders and others which are intermittent in their use. 
A comparison of the gross horse-power value so obtained showed 
that the sum of the individual power values was 20 per cent. higher 
than the actuai horse-power uséd in the factories. Therefore in 
using these data for the purpose for which they were collected, the 
values obtained for the various departments by using the individual 
machine-tool values as given in Table 20 were reduced 20 per cent. 
before being used to determine the size of motor required. Two 
other exceptions were also made in its use. The power values were 
reduced one-half when applied to the machine tools of the jig- and 
fixture-making department and to the experimental department. 
The reason is obvious, as the tools are there used intermittently and 
with light cuts and fine feeds. 

To the machine tool load as thus determined, the load due to the 
line- and countershafts is to be added. Table 21 gives these friction 
loads for the plant at which the tests were made. For additional 
information on the friction of shafting see Index. 

Additional data of the same character are given in Table 22 by 
H. C. Sprrtman (Mchy., June, 1913). The tests embodied’in this 
table were made in an automobile engine factory after it had been in 
operation about nine months. 

The transmission equipment consists of a 20-h.p. motor for each 
department, driving two or three lengths of line-shafting, each about 
70 ft. long. The shafting is 27 ins. diameter, running at 240 r.p.m., 
and supported on Hyatt roller bearings at intervals of ro ft. (For 
additional information on the friction of shafting with plain and 
Hyatt bearings, see Friction of Shafting.) The shafting was care- 
fully lined up when installed and re-checked with a surveyor’s level. 
The equipment was in excellent condition. 

In making the power tests, every precaution was taken to avoid 
errors. The motors were all tested for their efficiency at different 
loads and the electrical instruments were carefully calibrated. Read- 
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ings were taken when the motor was driving the line-and counter- 
shafts only, no machines being in operation. The electrical losses 
were deducted, which gave the net shafting and countershafting loss, 
and this was carefully proportioned among the different machines. 
The second reading was taken with the machines running light, 
which gave the total friction loss. After these tests were completed, 
the machines were put into operation and readings were taken every 
fifteen minutes. A record was also made of the number of machines 
in operation and the kind of work the machines were doing. Each 
motor in this factory drives only one kind of machine tools, which 
greatly assisted in obtaining accurate results for the amount of 
power consumed by each size and kind of machine. The data were 
carefully tabulated and the floor area occupied by each machine, 
and space allotted for the operator were noted; also the total length 
of line-shafting. The trucking aisles and all other space not used for 
manufacturing was deducted, so that the unit values per sq. ft. of 
floor area include the machine and sufficient space for the operator 
and material. The results show that the line-shafting and counter- 
shafting consume 30 per cent. of the total power, and the total 
friction losses absorb 72 per cent. of the total power. This makes a 
42 per cent. loss of power from the countershafting to the machine 
tools, and only 20 per cent. of the total power is utilized in doing work. 
The electrical loss shows 8 per cent. of the total power. In the table 
there are two items mentioned as follows: Total average power per 
machine, deducting idie machines; total average power per machine, 
including idle machines. These items include all t’.e mechanical 
power of that department, such as line-shafting, countershafting, 
machine friction and power consumed in doing work on the machines. 
In the first case this total power is equally divided among all the 
machines which are in operation. In the second case it is divided 
equally among all the machines, both running and idle. The elec- 
trical losses are omitted in all cases. 


Power Constants for Punching and Shearing 


The power required for punching and shearing formed the subject 
of experiments by Pror. G. C. AntHony (Amer. Mach., May 22, 
1913). The apparatus employed consisted of a hydraulic bolster 
below the die and connected to an ordnance indicator by which indi- 
cator diagrams of the pressures were obtained (Trans. A. S. M. E., 
Vol., 33). Examples of these diagrams to a reduced scale are given 
in Fig.12. The steel plate tested was from the Lukins Iron and Steel 


Co., and was of 1, 3, 2, 45, 4. and 2 in. thickness, having an aver- 
? 4)» 16> 8) 16) 2 8 ? 5 


Thickness of Plate %’/ 


SSSA S 
3 
¥ 


Single Shear 


Thickness of Plate 4// 


Punching 


Fic. 


Thickness of Plate 14 ’” 


DoubleShear 4 


12.—Indicator diagrams from punching and _ shearing 
experiments. 


age tensile strength of 59,000 lbs. per sq. in. with elongation of 27 
per cent. and reduction of area of 55 per cent. Flat, bevel and spiral 
punches of 3 deg. of clearance were included in the tests. The cards 
were interpreted for both maximum pressure and ft.-lbs. of work 
required. 

Fig. 13 gives the work and maximum pressures developed when 
using flat punches having .06 in. clearance. Figs. 14 and 15 give 
the effects of clearance and shape of the punch on the work and 
maximum pressure required for punching. The character of the 
punch and amount of clearance are given at the top of the charts; 
the ft.-lbs. of work and maximum pressure are at the left, and the 
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| 
thickness of the plate is indicated on the charts. Save in two or 
three cases the minimum values for work and pressure were obtained 
by the use of the flat punch, and in one of these cases, the spiral punch 
in }-in. plate, the value is questionable by reason of insufficient data. 
While efficiency in the use of bevel and spiral punches in thick 


Plate Thickness, Ins, Plate Thickness, Ins, 


1000 50000 
900 48000 
800 46000 
700 44000 
600 # 42000 
500 40000 
2 400 2 38000 
3 oo 2 36000 
< 200 _ 34000 
& 100 A 32000 
3 30000 
28000 
26000 
24000 
22000 
20000 

Fic. 13.—Work and pressure of punching steel plates with .06 in. 


clearance. 


plates has been frequently questioned, it has been believed that a 
decrease in pressure was general when they were used in punching 
thin plates, but the results of these experiments do not confirm this. 
The bevel and spiral punches crowd the metal to the walls of the die, 
thus producing unnecessary friction, while 
the real cutting edge, which is on the die, 
does not produce the effect of a bevel 
shear. 
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TABLE 23.—SHEARING VALUES or HoT STEEL BLOOMS OF .20 
CARBON AND 70,000 Las. ULTIMATE STRENGTH 


Size of Temperature Max. pressure, | Energy, ft.-lbs. 
bloom, ins. Fahr. about Ibs. per sq. in. per sq. in. 
9X9 2500 5,000 540 
6X6 2500 9,000 
4X64 2500 II,000 800 


TABLE 24.—SHEARING VALUES OF CoLp STEEL BARS OF 70,000 


Lgs. ULTIMATE STRENGTH 


Thickness Angle of Max. pressure, Energy, in.- 
of bars, knives, Ibs. per lbs. per inch 
ins. deg. sq. in. of width 
I Flat 48,000 1200 
I 4 36,000 1000 
I 8 22,000 700 
14 Flat 48,000 2500 
14 4 45,000 2000 
ng 8 32,000 1600 


single shear; that the ultimate strength of the plate in double shear 
- 1s I.95 greater than in single shear. 

Experiments with similar apparatus were made and reported by 
H. V. Loss (Journal of the Franklin Institute, Dec. 1899). Mr. 
Loss’s experiments covered the shearing of hot blooms from 4X4 ins. 
to 10X10 ins., and of cold bars from 2 to 24 ins. thick and 4 to 8 ins. 
wide. His results are summarized in Tables 23 and 24. The appar- 
ent anomaly of greater energy consumed when cutting hot metal is 
apparent only. With cold metal the bar breaks after a compara- 
tively small depth of penetration, while, with hot metal, the shear 
blade plows through the entire thickness before the parts separate. 

At a temperature of about 1800 deg. Fahr. 


Fig. 16 gives the work and maximum 


pressures required per sq. in. for punching 


Pressure, Lbs, 


Fic. 14.—Effects ot clearance and of form 
of punch on work of punching. 


and for single and double shear of plate and rivet, 
value has been added for purpose of comparison. 

It will be observed that the work required for punching is approx- 
imately double that for shearing; that the ultimate shearing strength 
of the plate is about 75 per cent. of the tensile strength; that the ulti- 
mate strength of the rivet in double shear is 1.82 greater than in 


The tension 


Fic? 15.—Effects of clearance and of formof . 
. punch on maximum pressure of punching. 
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Fic. 16.—Punching and shearing values of 
steel plate. 


smaller sizes. At the same temperature the energy increases about 
40 per cent. for the larger and 75 to 80 per cent. for the smaller 
sizes. 

The pressure required to drive rivets may be obtained from Fig. 17 
(Amer. Mach., July 13, 1911), which is based on formulas by 
Wilfred Lewis. 
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Pressure Required, in Tons 
0 25 50 5 100-125 =~ 150 17% 200 


Diameter of Rivets, Ins, 


0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 
Pressure Required, Lbs, 
Fic. 17.—Pressure required to drive rivets. 


Power Constants for Centrifugal Fans 


The power required to drive Sturtevant centrifugal fans is given in 
Tables 25 and 26 from tests by the Interior Conduit and Insulation 
Co. (Amer. Mach., Dec. 31, 1896). 

Centrifugal fans consume an amount of power which is dependent 
upon the opening of the outlet and the amount of air which the fan 
is allowed to pass—an obstruction in the outlet operating to decrease 
the power consumed, which is at a maximum when the outlet is 
entirely free. As fans are actually used for blowing fires and many 
other purposes, the resistance of the fire operates as an obstruction 


TaBLE 25.—POWER REQUIRED TO DRIVE STURTEVANT STEEL 
PRESSURE BLOWERS 
The Upper Figures of Each Set Give the Power Consumed with the Outlet 
One-third Open; the Middle Figure, Two-thirds Open, 
and the Lower Figure Fully Open 


| | 
Pressure of | : | 


Mine 4 OZ. 5 Oz. | 6 oz. 7 OZ. 8 oz. 
€ | j 7 | 
No. of | | | 
a ey | Bp. | Rev-| He. | Rev.| Hp. | Rev. | Hp. Rev. | Hp 
blower | 
Zr | To | r.3 | 
2 [3103 | 1.4 |3445 | 2.0 |3756 | 2.6 
| 2.2 BO 3.9 
} | (a) | 1.4 | 1.8 
3 |2456 | \2753 | 2.8 |3006 | 3.6 
| Ig 19) | eye! 
1.4 | | I.9 | 1 2ie5; 
4 222A, 12.8 |2AGO | 3 2692 fe) 
1 | 
| 4.2 5-7 hare 
2.0 4 inzes 3.6 4.6 
5 [2824 14.0 |2026 | 526 |2ets | 7-2) 12387 | -O.2 
| 6.0 | Seal 10.8 Tse 
| 
| 
| 2.6 | | 3 | 4.7 6.0 ee 
6 jz619 | 5.2 |1797 | 7.2 |1960 | 9.4 |2009 |12.0 |2258 |14.6 
| 7-8 | |r0.8 | 14.1 18.0 | 21.9 
| 
| 
Nes 5.0 6.5 8.3 10.4 
7 11344 | 7.2 |1507 |10.0 |r64r |13.0 |1768 [16.6 |1898 |20.8 
| 10.8 I5.0 110.5 |24.9 31 
[4.5 | 6.4 8.4 10.6 13.0 
8 11200 | 9.0 |1330 |12.8 |14q45 |16.8 |1565 |21.2 |1675 |26.0 
13.5 | 19.2 125.2 31.8 39.0 
5.9 8.3 10.9 13.8 16.9 
9 1035 |11.8 |1145 |16.6 |1250 |21.8 |1350 |27.6 |1446 |33.8 
| pe) 24.9 132.7 |41.4 50.7 
| 1 | 
7.9 EE TALS 18.4 22.5 
Io 902 |15.8 | 995 |22.4 |1085 |29.0 1168 |36.8 |1253 |45.0 
23.7 BSnOm" 43-5 55.2 67.5 
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and the power consumed is, during normal conditions, reduced from 
the maximum. Nevertheless, at various times this resistance is 
reduced or may be absent, when the power consumed at once mounts 
up to the maximum. 

With fan driven by a belt or special engine, this increase is a matter 
of little moment so long as the belt or engine is able to drive the fan, 
and on this account the figures for power given in the catalog of fan 
makers show what is supposed to be the average or normal require- 
ments. When fans are driven by electric motors the conditions are 
changed, since an electric motor has no limit of capacity beyond 
which it slows down or stalls, but, on the other hand, takes more and 
more current in the endeavor to drive the load, until a burn-out 
results. Consequently electric motors for fans should be propor- 
tioned with reference to the maximum requirements, and not, as 
with steam engines, to the mean. 

The figures of the tables are no doubt the equivalents of the current 
readings which necessarily exceed the actual power consumed by 
the fans. 

A pressure of 4 oz. is amply sufficient for ordinary forge fires. 
There is a tendency toward specifications for higher pressures than 
this, even up to 8 oz., but it is doubtful if such pressures ever reach 
the fire, the convenient blast gate cutting the pressure down to lower 
figures. 

The horse-power required to drive centrifugal fans, has been investi- 
gated by A. E. Guy, and the results are given below (Amer. Mach., 
June 29, I91t). 

When the fan takes the air from the atmosphere and delivers into 
a duct, and particularly when that duct or pipe is circular, it is 
comparatively easy to measure the approximate capacity of the 
apparatus when the air handled is at a moderate temperature. The 
instrument needed for the operation is very simple and can be easily 
made. Fig. 18 represents a conbination of Pitot and pressure tubes 
connected to a glass U-tube containing water. The end of the assem- 
bled tubes should be inserted into the delivery pipe as shown. A 
straight part of the pipe should be selected where the flow is not 
likely to be disturbed by the influence of bends, valves, etc. The 
gage should be inserted into the pipe for about one-sixth the diameter 
and turned so that the open end of the Pitot tube is against the cur- 
rent. If the tube is not so placed the readings will not be correct. 


To Pitot Tube 


Frc. 18.—Apparatus for finding the pressure and flow of air in blast 
pipes. 


With the two rubber tubes in place the difference in the heights 
of the columns of water in the U-tube shows the velocity head causing 
the flow in the duct. Disconnecting the Pitot tube from the glass 
gage and measuring the height between the two levels, will indicate 
the pressure head against which the air is delivered. Again connect- 
ing the Pitot tube and disconnecting the pressure tube, will show, by 
the difference in the hights of the water columns, the total head pro- 
duced by the fan. This total head is composed of the static head 
measured by the pressure tube, plus the velocity head shown when 
the two tubes are used together. 
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TABLE 26.—POWER REQUIRED TO DRIVE STURTEVANT MONOGRAM BLOWERS 


The Upper Figures of Each Pair Give the Power Consumed with the Outlet One-half Open, and the Lower Figure with the Outlet Fully Open 
‘ Z 


= : 
Pressure of blast | I oz. | 1} oz 2 02. 2} 02 3 OZ. 3 OZ. 4 OZ. 5 02 3 
Size No. of blower | Rev. H.p Rev Hp. Rev. Hyp: Rev. H.p. Rev. H.p. Rev H.p Rev. Hip..| Rev. -p. 
wii j 
I5 | > .28 44 .6 .8 
oO 1863 a | 2274 “6 2615 88 2012 ot 3177 ii 
| 
ae .38 .60 .8 bras § 1.4 
I 1632 | a 1992 ae 2201 fer 2550 ro 2782 oe 29092 ee 
i 
Ne 28 5 79 oat Zo) By De 
2 1373 | 56 | 1677 To 19287) 6 2147 AA || “Bee oo 5 Fa 
| 
| 6 a 4.4 
.40 ? 7 "| eee 46; 2.0 Z ee 
3 1167 | | 1425 | Fe | 1638 Be 1824 oe I900 z 2140 ee 2279 A, 7 8.8 
| | 
| | BK 2.8 3-5 4.3 6.0 
| 35) .0 TS, ; : é : o56 . 
4 1050 aoe 1227 os IAIO 6 1570 oe 1713 bets 1842 il 1961 8.6 217 oat 
| 
: 8.4 
A5i is 2a5 2.9 3.9 4.9 aay 6.0 eer 
5 852 ae 1038 Aa II94 & 1330 eG 1450 7.8 | 1560 58 I1I.9 43 16.7 
| 
| 
£20: 229 4.0 tee} O27 =F &. = II.4 
| fa 
: ee Plait | Bee 3 noe eae) psi, 8.0 eth 10.5 T33T 13.4 eu Tez | 22.7 
:3 Zak 3.8 ig} 6.9 ona 10.7 68 I5.0 
078 Te? £3 
7 ee? DoW fe 4.9 ere 75 oe 10.6 ee 13.9 TI59 T7in3 4 21.4 30.0 
aay ae 4.8 6.7 8.8 PEt 13.5 18.2 
(0) 1065 1180 
8 545 3.4 665 Onz wes 9.5 eo2 I3.4 23 17.6 HOST: LD, @) 27,0) )} 36.5 
2.2 Ave 6.3 8.9 163697 I4. e 18.0 oe 2593 
3 
2 He 4.5 583 8.2 or Po. 748, 17.8 ers 23 876 Poy; ee BOG 4 50.6 
-9 5.4 8.3 TSE) Das) | F830 eT, Bsia2, 
26 8 831 922 
#9 HEL .9 a 10.8 598 16.7 pon 23.3 7 30.7 for 36.1 47.3 66.4 
4.0 Tew Teel 16.0 Qin 20.7 Bais 45.5 
6 66 12 78 
36 Bo 8. Sn 14.8 ont 22.9 567 32.0 it 42.1 5 53-4 7 64.9 © 91.0 
Sis! 9. 15.2 21.2 yh) 35.4 43.0 60.3 
8 61 68 
ef a 10.7 Boo 19. a3 30.3 do8 42.5 53 55.9 579 70.9 5 86.1 z 120.7 


Calling the velocity of flow v ft. per sec., the velocity head h ins. 
of water, and the static pressure head H ins. of water, 


-\/ p A ee 4 h 
fo Nea 406.7+H (406.7+#H) 
in which, 


p=pressure in lbs. per sq. ft., 
d=weight in lbs. of 1 cu. ft. of free air at so deg. Fahr. 
.077884, = 
406.7 =ins. of water, corresponding to atmospheric pressure. 
Knowing the inside diameter D, in ins., of the delivery pipe, the 
volume discharged in cu. ft. per sec. is 
aD? 
4X144 
But this air is at a pressure H and the corresponding volume of free 
air per min. would be 
zD? XvX 60 X(406.7+H) D? Xv X (406.7+-H) 
4X144 X 406.7 i 1242 
The horse-power in air delivered would be 
volume per min. X pressure per sq. ft. 


=1321 


cu. ft. per min. 


33,000 
One cu. ft. of water weighs 62.35 lbs.; x in. of water equals 
62. 
= 39 =: 5.196 Ibs. per sq. ft. 
Hence, 
vol.per min. X5.196XH 
=air h.p. 
33,000 
or 


eu ft per min. X H 
6350 


air h.p.= 


Substituting for the volume and velocity their repsective values: 
D? Xv XH X (406.7+H) 


6350 X 1242 a 
Sah D?H\/h X (406.7+H) 
DXHX [321g | x (406.742) = spre 

As the efficiency of ordinary blowers is about so per cent., multiply- 
ing the air horse-power as just obtained by 2 gives approximately 
the shaft horse-power necessary to run the blower. While reading 
the gages the speed should be kept constant, and the time selected 
when the flow of air is uniform. 

The gage readings and particularly that of the velocity head 
should be very close, for which reason it is preferable to use a U-tube 
of rather small diameter. 

The formulas given are intended for approximate work only. The 
density of the air depends so much upon the temperature that the 
method would not apply to hot-blast work, for instance. 
should also be made for altitude and humidity. 


air h.p.= 


Corrections 


Power Constants for Moving Heavy Loads 


The power required to move heavy loads on wheels may be obtained 
from Fig. 19, by A. D. Harrison (Amer. Mach., June 18, 1908). 
The chart was originally designed for hoists and cranes but is appli- 
cable to analogous conditions. It represents the formula: 


Brake h.p.=.0097 EE d+.) | 


in which W = total weight of structure, tons, 
S=speed, ft. per min., 
D=diameter of wheels, ins., 
d=diameter of axles, ins. 
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The coefficient of rolling friction is taken at .o35, the coefficient 
of sliding friction at .1 and the efficiency of the gearing at -70. 
The use of the chart is shown by an example below it. 


TABLE 27.—THE COMPRESSION OF 13$X13-IN. LEAD PLUGS UNDER 
FALLING WEIGHTS 


Note.— Where division lines include two or more plug numbers, the weight 
was dropped upon as many plugs at one time as there indicated. 


Traveling S ‘ i F : 5 
120 g Speed, Ft. per Min. ; Plug dimensions, ins. 
re) g AS Striking * 
110 Plug cs 7 S a i) Py velocity, 
Nene oder ele one | ook Cees I te pet 
100 BO es % q A a oo 
ae fa} 48 8 4G, a hans sec. 
oh ody 4 H P P q 
a 13 20 | 240 4,800 | 1.489 979 Af o allticumci tees 35.9 
e 80 
a 14 20 | 120 2,400 | 1.494] 1.165 B20 mre uasiae 25.4 
& 70 
c. 15 20 | 240 4,800 | 1.492 983 IBOO'hysth eects 35-9 
4 
— 50 16 20 | 360 74200) 1.402 848 v OfpAll Selena 43.9 
$ 
° 
a 40 17 50 | 120 6,000 | 1.492] .orI iS Sirs | peaencrne ee 25.4 
30 18 50 | 240 12,000] 1.492] .656 se 19) [ee crite 35.9 
20 6 8 
Brake horsé power required = Sa pese road ems an pilates ie Lea 
at Motor | 
40 35 30 25 20 15 10 20 100 | 360 30,000)lateAOTle . GO7 ete DOA lies 43.9 
21 I00 | 240 24,000 | I.491 AO) TOS 205 yc 35.9 
22 100 | 120 12,000)—-T7480|) . 652) | 183 7ileavasne | 25.4 
23 I50 | 360 54,000} 1.401 LOA pede r20 7) | een eee 43.9 
24 I50 | 240 30;000)|-EeA05) 200) La ZOSia cee nee 35-9 - 
q 
25 200 | 120 24,000} 1.402] .401| T.00T|........ 25.4 5 
O 
26 200 | 240 48,000] 1.492] 219] 1.274|........ 35. 9a 
= 3 
a7, 200 | 120 24,000 TU 480). {405 E084. ..70004 - 25.4 al 
ao : 
28 150 | 120 785000) ERAO2) ees OT ls OOT nea 25.4 | & 
a 
° 
29 150 | 240 36,000)|512502l) Sa275i) ta227ine eee SRO ||P 95, 
tele} 
30 I50 | 240 30,000) els 5 081 ease le eS ees 35.9 S 
—— | 
i: I50 | 240 36,000 : oe aoe pee 993 | 35-9 
Diameter of Axle, Ins, Diameter of Traveling Wheels, Ins. = Serer eer) Ws 
Starting with a load of 80 tons, trace to the right to the speed 33 Tha .670| .830 
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Measuring the Energy of Hammer Blows 
F 40 150 | 240 36,000] 1.498] .2 Ee 2LOl a eek 35.9 
The measurement oj the energy of hammer blows by the compression i hs 
of lead plugs, formed the subject of experiments by the Niles-Bement- 4I 1.497| .663] .834 
Pond Co., which were reported by W. T. Sears, Mech. Engr. of the 42 200 | 240 | 48,000 | 15°? ee ee Me | B36 
company (Amer. Mach., Mar. 10, 1910). ae: i . ae 
a : p5 4 I.502| .650| .852 
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comparing the compressions obtained under hammers with the meas- 4s res Biel) 6135 
. . . . 6 is 4 % 
ured compressions obtained under testing machines. The speed of ae 200 | 356.5 | 71,300 : SOT} .525 pas 981 | 43.7 
the compression is, however, known to affect the results and, hence, : . ae ee Be 
5 aie -957 


these tests were made under falling weights at speeds equal to those 
obtained in actual practice in a steam hammer, in order to get final 
results which could be depended upon in steam-hammer work. 
These results are, finally, compared with those obtained from slow- 
speed or static tests. 

The velocity of a hammer ram at the instant before impact with 
the anvil, depends on friction, the total mean effective pressure on 
the piston and the distance it has fallen through. 

For a Niles-Bement-Pond r1oo-lb. steam hammer of 28-in. stroke, 
the maximum velocity, assuming a constant pressure of roo lbs. per 


sq. in. on the piston on its downward stroke, and neglecting friction, 
would be in the neighborhood of 35 ft. per sec., and this corresponds 
to the speed due to gravity alone, acting through a distance of over 
30 ft. 

The plugs, which were 13 ins. diameter by 17 ins. long, were tested, 
in most cases, one at a time by placing them on ananvil, having 
a weight of over 8000 lbs. and striking them with different size cylin- 
drical weights, weighing from 20 to 200 lbs. dropping from different 
heights up to 360 ins. In addition to a drop on a single plug, the 
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150-lb. weights were tried with two, three and four plugs, and the 
20o-lb. weight with four plugs. 

The falling weights were guided by two lengths of piano wire 
stretched tight vertically. The weights were tripped without giving 
any initial velocity, and there is not much question but that the 
actual and theoretical velocities at instant of impact were, very 
closely, the same, the friction loss due to the guides and air being, 
undoubtedly, very slight. 

There was certainly some loss, even if small, and therefore the 
compressions obtained were perhaps a trifle less than they should 
have been. 

Table 27 gives the results of these tests. 

In plotting the energy curves, Fig. 20, which are the values that 
were wanted, it was found that there was not so much difference 
in the higher speeds, as was perhaps to be expected from the consider- 
able difference that occurred at the low speeds. 

In other words, the higher the velocity, up to the maximum of 
speeds tested, the less the energy curves varied. 
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Somewhat similar, though less complete, tests using copper cylin- 
ders, which have been often referred to, were made by Pror. R. H. 
TuHurston (Amer. Mach., Dec. 24, 1903). The original object of 
these tests was to determine the comparative efficiencies of crank 
and friction roll (board drop) presses. Two hammers of each type 
were tested, the falling weights being about 300 and goo lbs. respec- 
tively. They were adjusted to fall 28 ins., that being the maximum 
lift of the crank drop hammer. The effect attainable by utilizing 
the full 60-in. lift of the friction roll hammer was not deter- 
mined experimentally, but it is easily calculable from the data 
obtained. i 

The gages used in measuring the work done by the hammers were 
cylinders of pure merchant copper, prepared for the purpose. They 
measured: Size No. 1, 23 ins. long, 1% ins. diameter; size No. 2, 
2 ins. long, 1 in. diameter; size No. 3, 17 ins. long, 3 in. diameter. 


Of these, a considerable number were prepared and divided into | 


three sets: one for use with each kind of hammer, and one for testing 
and standardizing in testing machines. The work done by crushing 


- TABLE 28.—Work Done BY Drop Hammers As MeraAsureD BY THE ComprRESSION oF CoppER CYLINDERS 


Friction roll drop hammer Crank lift drop hammer 
Weight of drop 903 lbs. 319 lbs. 925 lbs. 290 lbs. 
Size of copper To 4 Too Do! 2x14” 1x X23" Tex 1x2” 2x14" 
cylinders No. 1 No. 2 No. 2 No. 3 No. 1 No. z No. 2 No. 3 
Area in sq. ins. under compression curves ADE AHI UN TORPAGRSS Aw © Aun G ALM APQ 
(see chart). 45-22 45.26 1307/5) se 0 BETO ROA LO.7/5 PLOESO 
Average 45.34 Average 13.75% Average 35.67 Average 10.674 
Reduced to work done or in.-lbs. 22,715, 22,630 6,875 6,880 17,550 18,075 5o75)) 59250 
Average 22,672 Average 6,877 Average 17,812 Average 5,312 
Reduced to work done or ft.-lbs. Average 1,884 Average 576 Average 1,484 Average 443 
Work done per lb. of drop in ft.-lbs. | Average 25.10 Average 21.56 Average 19.14 Average 18.30 
Work done per lb. of drop in ft.-lbs. Average 2.09 Average 1.8 Average 1.6 Average 1.52 


This is quite clearly illustrated in the chart, Fig. 20, which gives the 
energy curves worked up from the Niles-Bement-Pond tests and from 
tests made at Purdue University. It would seem as if, after a speed 
of say ro ft. per sec. was obtained, that a further increase in compres- 
sion speed makes very little change. : 

The speed of ro ft. is simply a guess, and it may be 5 ft. or 1, or 
even less. 

This was a point which was not important to the company, but 
it would seem to be vitally important in measuring energy of blows 
where the speed is low, for all tests so far made show that energy 
calculations of a slow-moving blow cannot be even closely estimated 
unless the speed is known. 

Curve A is worked up from slow-moving or static-pressure tests 
at Purdue University. 

Curves B and C are the energy curves, resulting from Niles- 
Bement-Pond slow-moving or static tests of which the speeds are 
given. 

Curve D is the result of the low velocity drop tests made by the 
Niles-Bement-Pond Co., which are not shown in the table, but 
which were made roughly in a hammer, having a falling weight of 
1330 lbs., an anvil weight of 16,400 Ibs. and a maximum drop of 38 ins. 

Curve £ is plotted from the tabulated results given in Table Di 
and is the curve that is used for hammer calculations. 

Curve F is plotted from the published results of Purdue drop tests, 
in which the maximum velocity is 193% ft. per sec. 

In order to check up new lots of plugs from time to time, static 
or slow-moving tests are obtained, and if these agree with previous 
ones, it is assumed that the action at the high speeds will also be 
practically the same, thus giving fairly dependable results. 

No appreciable difference has been noted in new lead obtained 
from time to time, or in lead that has been used for tests and remelted. 

The lead should be reasonably pure, though small amounts of 
mpurities do not appear to affect the accuracy of the results. 


the standards in the testing machine to the same extent that com- 
panion specimens were crushed under the hammers, gave a measure 
of the action of the latter, and permitted a fair comparison to be made. 
The amount of work done in the slowly acting testing machine 
in producing a given compression is somewhat less than where the 
same effect is suddenly produced, as by a falling weight; but this 
difference effects the two hammers nearly alike, and, if the difference 
were measurable, it would be found to tell against the drop which 
falls most rapidly—the friction roll hammer, in this case. 

The results of the experiments thus made are exhibited in Table 
28 and Fig. 21. The final results of the table are given in ft.-lbs. 
of work per Ib. of hammer, and the unavoidable differences in size 
are thus eliminated. 

The chart, Fig. 21, was made thus: The compression of each set 
of gage cylinders was averaged for each of the two styles of hammer. 
These average compressions were laid off, on a convenient scale, 
horizontally from the left toward the right. Erecting ordinates at 
the extremities of the abscissas thus measured off, proportional to 
the loads required to produce the same compression as- determined 
by the testing machine, and shown on the chart by the curve laid 
down by plotting the loads and compressions obtained by test, a 
measure of the work done by the hammer is obtained. 

This was done for each hammer, and a set of measures is thus 
given of the work done by each machine, and the effects produced 
by the hammers are rendered easily comparable. 

Comparing the tabulated figures, it is seen that the friction roll 
drop hammers performed, respectively, 25.1 and 21.56 in.-lbs., or 
2.1 and 1.8 ft.-lbs. of work per Ib. of weight of drop or hammer, 
while the crank lift hammer gives 19.14 and 18.3 in.-lbs., or 1.5 ft.-lbs. 
per lb. of hammer falling 273 ins. The theoretical effect would 
be 273 in.-lbs, or 2.25 ft.-lbs. The “efficiencies” of the two are, 
therefore, 90 per cent. for the friction roll hammer, and less than 
7° per cent. for the crank lift hammer, 
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Fic. 21.—Work done and pressures obtained by drop hammers as measured by the compression of copper cylinders. 


Cutting Capacity of Power Presses 


The cutting capacity of power presses has been analyzed by E. W. 
Zen (Amer. Mach., Oct. 12, 1905), the result being the chart, Fig 22. 
The chart is based on the principle that the cutting length increases 


inversely as the square of the thickness of the material. That is, 
A 
t=n, (a) 


in which /=cutting length, ins. 
A =energy required to shear a flat bar using parallel cutting 
edges, in.-lbs., 
t=thickness of material, ins., 
s=ultimate resistance to shearing. 
The fact that the material is severed before the upper knife has 
descended the full thickness of the bar brings in another influence 


which has to be taken into account. This depth of penetration 
as it may be called, varies greatly. It is influenced by the ductility 
and thickness of the material and it increases as the thickness de- 
creases, but not in simple proportion. Table 29 gives the results of 
some experiments with soft steel, in which ¢ stands again for the 
thickness of the material, and p for the depth of penetration. 


TABLE 29.—THE DrEPTH OF PENETRATION IN SOFT STEEL 


(= I a 3 | 2 | 3 ¥6 
ee 25 31 - 34 37 44 47 
Mes i % | os | ts ae 
2S a5 - 56 62 07 75 .87 


In Fig. 21 the curve C shows in a graphical manner how the depth 
of penetration varies. 
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Taking into cansideration the depth of penetration, formula (a), 
for the cutting length will now have the following form: 

A 
~ Pps 

When the cutting length of a power press for a certain thickness ¢ 
and resistance s is given, and it is desired to know the cutting ledgth 
/, for another thiekness /; of the resistance s; the following formula, 
w hich is derived from (0), will give the answer: 


Li (c) 


in which #; stands for the depth of penetration for the new thickness 
introduced. 


t (0) 
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To find the angle which the upper knife must have to keep the 
maximum pressure within the limit of the press, formula (¢) may be 
inverted thus: 


(e) 


cot @& = SPs 

When closed cutting dies are used, for instance, a round blanking 
die, it is customary for practical reasons to give the die (or punch) 
several high points, and the question arises: How does the number 
of cutting points affect the pressure which is required to penetrate 
the material? 

In answer to this question refer to Fig. 24, in which c is the devel- 
oped circumference or cutting length of a round die. According to 
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Fic. 22.—Cutting capacity of power presses. 


While the cutting length of which a press is capable may be 
obtained from these formulas, another factor has also to be taken 
into consideration. The pressure required to force the knife or die 
through the material must not exceed a certain maximum which is 
fixed for each press. To keep the pressure within this limit, it is 
often necessary to incline the edge of one of the dies. 

When the cutting edge AB, Fig. 23, descends, it finds a resistance 

P=.5 t? cot. as, (d) 
in which ¢=thickness of the material, 
s=ultimate resistance to shearing, 
a=angle of the knife, 
This formula is limited in one direction to which attention should 


be called, viz., the width of the bar divided by its thickness must be 
greater than cot @. 


formula (d) the pressure necessary for one inclined side of the punch 
is equal to .5t cot. @s, consequently for both sides of one cutting 
point the pressure is twice this amount or ¢? cot. @. If be the num- 
ber of cutting points, the total pressure necessary is 


P=t? cot. asn (f) 
d c 
cot a=) and d=— 
2n 
C 
consequently ead b 


This value, substituted in formula (f), gives: 


ae (g) 


In this formula the number of high points does not appear at all, 
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showing that the pressure is not influenced by the number of such 
points and merely depends upon the amount of shearing 6. To 
ascertain the amount of shearing b which the die must have to keep 


the pressure within the limit P, formula (%) may be used: 
tcs 


ip (h) 


Although developed from a plain round cutting die, these formulas 
will hold good for irregular dies. In this case it is only necessary to 
obsesve that all sections of the cutting edge have the same inclination. 


oO 

vo 

os 4 

3 d 

Z = Clearance 

A — Heol of 

Tool 
Nose of Tool 
ep 

Je 
Section through Line A-B s els. 
Showing Greatest, or True g ee Body of Tool 
Slope of Lip Surface Ss alic: 

han ie) 

Horizontal Line 
Side E 7 
wf de 
Body of 
Tool 
Fic. 25.—Definitions of tool elements. 
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Following are two practical applications of the formulas: 

(z) A die has a cutting length of 14 ins. in 4-in. soft steel. 
size press is required? 

The chart shows that the No. 5 press cuts #-in. steel about 14 ins. 
long. Consequently this press will do the work. This press, exert- 
ing a maximum pressure of 25 tons, we have to shear the die suffi- 
ciently to keep the pressure within this limit. According to formula 
(h) this shear must be at least 

IX 14 X 60,000 , 

64 2X 50,000 -14 hae 
This being the extreme limit, it would be well to increase the shear 
somewhat, say to .2 or .25 in. 


Which 


Taylor’s Tool Forms 


The shape and duty of roughing tools formed the subject of 
exhaustive experimental investigation by F. W. Taytor and his 
associates (Trans. A. S. M. E., Vol. 28). Mr. Taylor defines the 
various elements of cutting tools by means of the outline sketches, 
Fig. 25. Regarding the values of the various angles for roughing 
tools he makes the following recommendations: 

Contrary to the opinion of almost all novices in the art of cutting 
metals, the clearance angle and the back-slope and side-slope angles 
of a tool are by no means among the most important elements in the 
design of cutting tools, their effect for good or evil upon the cutting 
speed and even upon the pressure required to remove the chip being 
much less than is ordinarily attributed to them. 

The clearance angle should have the following values: 

(A) For standard shop tools to be ground by a trained grinder or 


Clearance 6° 
Back Slope 8° 
Side Slope 14° 


iA 
Shape of 24 Round 
Nosed Standard Tool, 
Two-Thirds Ground 
away 


Fig. 26.—Taylor’s standard {-in. rough- 
ing tool. 


Shape of Standard 
34 Tool, corres- 
ponding to those 


given in Fig.27 


The cutting capacity of a given power press for a certain thickness 
of a certain material being known, it is possible to draw a character- 
istic curve which shows the cutting lengths for any other thickness 
of the same material. Such curves have been drawn in Fig. 22 for 
sizes Nos. 3 to 9 of the Zeh & Hahnemann power presses. They 
are based upon steel of an ultimate strength of 60,000 lbs. per sq. in. 

These presses are graded in such a manner that they exert a max- 
imum pressure in tons equal to the square of their number. The 
No. 5 press, for instance, exerts a maximum pressure of 5X5 or 25 
tons; the No. 6 of 6X6, or 36 tons, etc. These pressures must be 
known to a die-maker in order to enable him to determine the proper 
amount of shear by the formulas given to obtain a safe result. 


Fic. 27.—Blunt tool for cutting hard 
steel and cast-iron. 


For cutting hard steel and cast iron, 
these tools are ground to the follow- 
ing angles: Clearance angle 6° back 
slope 8° side slope 14° 


For cutting medium steel andsoft 
steel, these tools areground to the 
following angles; Olearance angle 
6° back slope 8°sideslope 22° 


Fic. 28.—Sharp tool for cutting medium 
and soft steel. 


on an automatic grinding machine, a clearance angle of 6 deg. 
should be used for all classes of roughing work. 

(B) In shops in which each machinist grinds his own tools a clear- 
ance angle of from 9 deg. to 12 deg. should be used. 

The latter recommendation is based on the fact that when the 
workmen grind their own tools they usually grind the clearance 
and lip angles without gages, merely by looking at the tool and guess- 
ing at the proper angles; and much less harm will be done by grinding 
clearance angles considerably larger than 6 deg. than by getting them 
considerably smaller. 

(C) For standard tools to be used in a machine shop for cutting 
metals of average quality: Tools for cutting cast-iron and the harder 
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steels, beginning with a low limit of hardness, of about carbon .45 
per cent., say, with 100,000 Ibs. tensile strength and 18 per cent. 
stretch, should be ground with a clearance angle of 6 deg., back 
slope 8 deg., and side slope 14 deg., giving a lip angle of 68 deg. 

(D) For cutting steels softer than, say, carbon .45 per cent. having 
about 100,000 Ibs. tensile strength and 18 per cent. stretch, tools 
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carbon .ro per cent. to .15 per cent., it is probably economical to use 
tools with lip angles keener than 61 deg. 

(H) The most important consideration in choosing the lip angle 
is to make it sufficiently blunt to avoid the danger of crumbling or 
spalling at the cutting edge. 

(Z) Tools ground with a lip angle of about 54 deg. cut softer 


TABLE 30.—TAYLOR’S CUTTING SPEEDS IN STEEL 


* Standard 3-in. Tool 


Standard ?-in. Tool 


Cutting speed in ft. per min. for a tool Cutting speed in ft. per min. for a tool 
Depth ey et eles : Depth of oes . 
; : Feed in | which is to last 1 hr. and 30 min. ; Feed which is to last 1 hr. and 30 min. 
of cut in : bef indi cut in F bef nai 
ae ins. | efore regrinding as ins. efore regrinding. 
Soft steel |Medium steel] Hard steel ; Soft steel |Medium steel! Hard steel 
: | CE 510 255 116 aa 482 241 IIo 
6 a 322 161 73.2 8: as 323 161 73s 
is 203 102 46.2 32 ie 217 108 49.3 
GS ee Ps oe ie 32 172 85.8 39 
64 | 
3) a | 281 I4I 63.9 We 423 212 96.1 
32 xe ee ee 88.7 40.2 vy 284 142 64.5 
32 135 67.4 30.7 3 76 190 95-2 43.2 
ae es ee ee 35 151 75-3 34.2 
I S24 ‘ z 128 63.8 
; dr | + 255 128 57-9 . is : ~ 
oral 161 | 81 36.6 al 358 179 81.4 
9 \ & ay 240 120 TAs 
s a $0 | ae 81.6 16 ee 161 80.5 36.6 
I ie | | e oa 35 127 63.7 28.7 
= oa | ° 16 2 
4 a | 33 5 ’ é a 320 160 72.7 
-: oy 215 107 48.8 
Standard 2-in. Tool 16 144 72 Bone 
eee Cutting speed in ft. per min. for a tool 3 ee 276 138 eae 
ee Feed in which is to last 1 hr. and 30 min. 8 ae 185 92.4 42 
| P | 5 . 
ins. | oat before regrinding Standard #-in. Tool 
Soft steel |Medium steel] Hard steel Cutt Ae ; 7 
tting speed in ft. per min. for a too 
= 8 D veer 
oy Ee | 4 | es 125 ee et Feed in which is to last 1 hr. and 30 min. 
Fe 32 358 179 81.6 cut in : bef aye 
1 | 6 ins. efore regrinding 
i6 235 | 117 5308 ins. : 
: | Soft steel |Medium steel] Hard steel 
@ | 467 234 106 er 476 238 108 
3 = | 306 153 69.5 oi 325 | 162 73.8 
3 ey | a: EOS 45-5 32 Te 222 IIL 50.4 
32 | 15 | 78 35-5 ee 177 88.4 40.2 
si8 
' #4 | cs fe oe ae 420 210 905-5 
; a | ds 3 2 x a 286 143 65 
wm 79 89.3 40.6 5 is 195 97-6 44.4 
ce | ; ; 
| 32 | 140 69.8 SET vs 156 77.0 Be 
Z ee 362 181 82.2 8 133 66.4 30.2 
= 37 | es ; Be ne 352 176 80.0 
16 | 55 : 35-2 oy 240 
z 6 328 | 164 74.5 16 HE OH! 2 6/58 
4 is Seal ae 107 48.8 32 131 65.5 29.8 
| | = 112 6 
: ea 286 | 65 : : a9 
1 
62 312 156 O:. 
I 3 213 107 se 
should be ground with a clearance angle of 6 deg., back slope of 8 4 16 HANS) 72.6 33 
ae side siope of 22 deg., giving a lip angle of 61 deg. 32 116 58.1 26.4 

E) For shops in which chilled iron is cut a lip angle of iron 86 1 

deg. to 90 deg. should be used. 3 a ies os re 
: : = 3m 180 : 

(F) In shops where work is mainly upon steel as hard or harder 8 ei 122 2 d . 
than tire steel, tools should be ground with a clearance angle of 6 a aes 27.8 
deg., back slope 5 deg., side slope 9 deg., giving a lip angle of 74 deg. I cr 237 118 53.8 

(G) In shops working mainly upon extremely soft steels, say, 2 ‘32 162 80.8 36.7 
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TABLE 30.—Taytor’s Currinc Sprrps In STEEL—(Continued) 


Standard 1-in. Tool 


Standard 14-in. Tool 


Cutting speed in ft. per min. for a tool Cutti din f i 
ee Feed in which is to last 1 hr. and i Depth of i Fees eee : ie 
Bee re a 30 min. eat Feed in which is to last 1 hr. and 30 min. 
— | ins. DeinreTeesIngIng As ae a ins. before regrinding 
Sree Soft steel |/Medium steel Hard steel : Soft steel |Medium steel] Hard steel 
ye 490 245 II a 518 259 118 
3 a 339 169 | 77 3 a3 366 183 83.2 
32 16 235 117 53-4 32 16 257 129 58.4 
| 32 189 94.5 43 37 209 105 47-5 
cre 427 214 97 cre 450 225 102 
Ee 296 148 6 ay 
F 32 9 4 7:2 a 32 317 158 72 
8 aK 205 102 46.6 - qe 223 112 50.7 
ay 165 83 ares Fv] 8 
3 2 é 35 182 90.8 41.4 
3 142 71 32.3 8 157 78.5 35-7 
a 358 179 81.3 ea 370 185 84.1 
3a 247 124 56.1 oy 260 130 59.1 
4 is ay 85.5 38.8 oo: ds 183 Q1.7 ° 41.6 
a te 3 
vs 13 69 31.3 16 32 149 74.6 33-8 
5 | 118 59 26.8 t 129 64.5 20.3 
3 | | 
ae | 95 an. 8 21.6 is 105 52.6 23.8 
crs 315 157 71.6 or 322 161 73.2 
1 Q 
: | a | 218 109 49.5 ty 227 113 51.6 
= is I50 75 834.1 I is I 70. OpeE 
: toes = is ae I ts 59 79-7 3 
= 2 : : 4 32 130 65 29.5 
= 104 | 2 | 23710 4 T12 56.1 255 
| 30 
Ee “63 ae 08 16 Q1.4 45.7 20.8 
3 oa | 182 gl Pig hay ok 264 132 60 
oO > } co 
8 is | 126 G2xde «| 28.5 r sy 186 O30 AQ 
32 | IOI 50.6 23 3 as 131 65.5 29.8 
bat Te 
: ae | 232 116 527, ae ul ee geen 
; re 162 | 80.5 | 36.6 3 O2n2 46.1 20.8 
TS IIr Si 25.3 & 230 IIS 5253 
és a 162 80.9 36.8 
qualities of steel, and also cast-iron, with the least pressure of the a: 16 114 56.9 25-9 
chip upon the tool. The pressure upon the tool, however, is not the 37 92.6 £033 as 


most important consideration in selecting the lip angle. 

(J) In choosing between side slope and back slope in order to grind 
a sufficiently acute lip angle, the following considerations, given in 
the order of their importance, call for a steep side slope and are op- 
posed toasteep back slope: (a With side slope the tool can be ground 
many more times without weakening it; (6) the chip runs off sideways 
and does not strike the tool posts or clamps; (c) the pressure of the 
chip tends to deflect the tool to one side, and a steep side slope 
tends to correct this by bringing the resutant line of pressure 
within the base of the tool; (d) easier to feed. 

(K) The following consideration calls for at least a certain amount 
of back slope: An absence of back slope tends to push the tool and 
the work apart, and therefore to cause a slightly irregular finish 
and a slight variation in the size of the work. 

Fig. 26 shows Mr. Taylor’s standard j-in. tool and Figs. 27 and 28 
show the dimensions of other sizes. 


Feed and Depth of Cut 


Following are Mr. Taylor’s conclusions regarding the relation 
between feed and depth of cut: 

(A) With any given depth of cut metal can be removed faster, 
i.e., more work can be done, by using the combination of a coarse 
feed with its accompanying slower speed than by using a fine feed 

with its accompanying higher speed. In most cases it is not practic- 
able for the operator to take the coarsest feeds, owing either to the 
ack of pulling power of the machine or the elasticity of the work. 


Therefore, the above rule is only, of course, a broad general 
statement. 

(B) The cutting speed is affected more by the thickness of the 
shaving than by the depth of the cut. A change in the thickness 
of the shaving has about three times as much effect on the cutting 
speed as a similar or proportional change in the depth of the cut has 
upon the cutting speed. Dividing the thickness of the shaving by 3 
increases the cutting speed 1.8 times, while dividing the length that 
the shaving bears on the cutting edge by 3 increases the cutting 
speed 1.27 times. 

(C) Expressed in mathematical terms, the cutting speed varies 
with the standard round-nosed tool approximately in inverse propor- 
tion to the square root of the thickness of the shaving or of the feed. 

(D) With the best modern high-speed tools, varying the feed and 
the depth of the cut causes the cutting speed to vary in practically 
the same ratio whether soft or hard metals are being cut. 

(EZ) The same general formula expresses the laws for the effect 
of depth of cut and feed upon the speed, the constants only requiring 
to be changed. ; 

(F) The same general type of formula expresses the laws governing 
the effect of the feed and depth of cut upon the cutting speed when 
using the different sized standard tools. 

Tables 30 and 31 give Mr. Taylor’s determinations regarding 
depth of cut, feed and speed for high-speed steel tools: 

A study of Mr. Taylor’s and Prof. J. T. Nicholson’s experiments, 
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TABLE 31.—TAYLOR’S CUTTING SPEEDS IN CAST-IRON 


Standard 3-in. Tool Standard ?-in. Tool 
| Cutting speed in ft. per min. for a tool Cutting speed in ft. per min. for a tool 
Depth of | R which is to last 1 hr. and 30 min. Depth of Penn which is to last 1 hr. and 30 min. 
cut in | Feed ie before regrinding cut in oe before regrinding 
ins. | eo Soft Medium Hard ins. ; Soft Medium Hard 
cast-iron cast-iron cast-iron cast-iron cast-iron cast-iron 
eal | 206 103 60 ee 216 108 63 
A | a8 147 | 7328 42.8 A 32 160 80, 46.6 
= i) Sse 97-5 48.8 28.5 e 16 110 55 322 
: 3 76 38 22.2 | ae 88.4 44.2 25.8 
3 64.1 32.2 18.7 3 75-4 yew) 22 
ee 194 07 | 56.7 a 200 100 58.6 
= 32 138 69.3 40.4 fe 33 148 14 43-3 | 
5 15 93-1 46.5 a7 32 e 16 104 51.8 30.25 
aS ONL 36.1 20.43 ae 82.6 41.3 24.1 ) 
a 41.8 20.9 12.2 2 69.6 34.8 DXO)...44 | 
° é 182 QI | 53 Ga 183 91.6 68 
| j 
ok tear 128 64 SEY) 3 32 135 67.5 39-4 | 
16 v6 86.1 43.1 25.1 a6 T6 94 47 27.4 | 
32 67.4 33-7 19.6 32 75-4 37-7 22 | 
$ 64. 2.2 18.8 
‘ crs 173 86.3 50.4 ; ee : | 
fi 33 122 61 Bey a 171 85.7 50.1 
ca 81.9 Al 23.0 I aa 126 63.2 36.9 | 
Ae 
the latter made at the Manchester School of Technology, has led he ug 87.8 43-9 25.6 | 
E. C. Hersert (Amer. Mach., June 24, 1909) to the discovery of a 32 Jou 39°12 20.6 
law by which apparent discrepancies between the experiments are at 156 77.8 45.4 | 
cas Mr. Herbert expresses his law, which he calls the cube = Be 116 57.8 33.8 
aw, thus: 1 
: : c aes : 16 79-7 39-9 23-3 | 
Since the maximum thickness of the chip is generally proportional 
to the feed or traverse, we will call ee E aaal 
t= traverse, . Zz ial = | 70 
= Dire 2 @ ats 
aa da of cut, ra ) tala [ale Blog 
a=area of the cut, and dtd sists-- Lele] do 
s=cutting speed. ae ee | Ls S Z a $1503 
= I Te Ease Lal 
From what has been said above it follows that if t1, c1, a1, s1 repre- a 5 ii sheen 9 
sent the values of these factors for any given working conditions, and | Be 5 i 2 Tine 3 = 
. . ele o 
t2, C2, @2, $2 represent their value for another set of working conditions, ALS = = mine’ |80 F 
SS 2. aed > 
— Bao 
¢7"- Tga) 110 5 = 
2, aie ai 10 
$7 14 ([31SL ae 
so aif ert 90 140 180 120 110 100 90 80 ™ 60 50 40 30 2 10 0 
¢ gor cae oo = z Feeds in Turns per In, 5 
| | g ROE 80 goo Pie 80 
Ale 2: q Cy d al S 
fl 5 ‘5 a p=] go BO a) Des 70 
st 2\yn> 2] cue 
ree ; B00 § +See HEE tete 2 
3 Rs a | & = 
ee) Ke) AD a ) ay ( | 
th] oS pee 50 ee gt T al ? yo Sa 50 3 
a alee ees. Tals 5 mas | 
i—| AQ a a 3 5 apne 40 
= iI P| a! C > 
ee ¢ yan e 3 
ibe al°° = 30 3 
{i pe — 7) 
{ iliin 3/20 20 
= + ! : 
eae) Lr Hee 10 10 
heed : : | =i sa 
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A piece of cast-iron 2 ins, diameter is to be turned down to 12 ins. diameter. Follow the line marked turning of the chart for 
cast-iron to its intersection with the {-in. depth of cut line whence trace vertically to the bottom where read the feed 34.2 turns 
per in. and from the same point trace horizontally to the right where read the speed 52 ft. per min. 


Fic, 29.—Feeds and speeds in average practice. 
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TABLE 31.—TAYLOR’s CuTTING SPEEDS IN CAst-IRON—(Continued) 


Standard 3-in. Tool 


Standard 7-in. Tool 


305 


Cutting speed in ft. per min. for a tool Cutting speed in ft. per min. for a tool 
ae Feed in which ee sla 30 min. Depth of Reed ii which awe I hr. and 30 min. 
ins Oss Soft ene a Hard ee tae Soft : a neh Hard 
0 ar . 0 edium ar 
if cast-iron cast-iron cast-iron | cast-iron cast-iron cast-iron 
ei 222 rani 65 in 220 IIo 64.2 
32 169 84.3 49.2 32 169 84.6 49.4 
3 16 120 59.8 34.9 ES Js 122 61.2 35.7 
32 32 97 48.5 28.3 32 37 99.8 49.9 29.1 
3 83.4 41.7 24.4 3 86.4 43.2 25.2 
or 66 : Se 
1s 4 33x82 19.4 1s 70.1 35.1 20.5 
ti 203 102 ORs ee 202 101 58.9 
33 156 78.2 45.6 32 156 77.8 45-4 
I i6 IIo | ae 32 I is 112 56.2 Be 
8 3a 88.8 | 44.4 25.9 8 sy 91.8 45.9 26.8 
3 76.2 38.1 22.3 3 79-3 39-7 23.2 
rc 60.9 30.4 17.8 & 64.3 32.2 18.8 
a 181 90.6 52.9 er 178 89 52 
=a 13 68.5 40 wy 137 68.6 40.1 
3 vs Jct 48.9 28.5 Ke is 99-4 49.7 29 
16 Sa 78 30 22.8 16 a 8x 40.5 23.7 
ls 67.5 33-3 19.7 3 70.1 35 20.5 
& 54.2 27.1 15.8 aa 56.8 28.4 16.6 
| ea 167 83.6 48.8 a 163 81.5 AGG] 
; | a 126 63.2 36.9 oy 126 62.9 36.7 
- | xe 90.8 45.4 26.3 i is 90.8 45-4 26.5 
oa iENG a 36.3 21.2 4 ay 74.1 37 21.6 
5 62.7 | Breaks 18.3 a 64.1 32 18.7 
& 2 6 I5.2 
& | 150 75 43.8 Ze : ‘ ; 
3 | oF 113 56.7 33-1 a 144 71.8 41.9 
8 =A 81 4o. 23.6 dy III sec Bim 
32 65-5 Sout 19.1 3 is 80 40 23.4 
8 aa 65.3 32.6 TORE 
then the heating of the cutting edge and, by assumption, the dura- & 56.4 252 1085 
bility of the too! will remain unaltered so long as the relation 6 ase es aE 
#103513 =toa952° et 135 67.5 39-4 
al le 
holds good. From which it follows that for constant durability of I re ee 5 eS wget 
the cutting tool 2 a z : an 
: a 32 I.4 30-7 17.9 
seem 3 43.1 21.6 12.6 
tod2 
or, since a=ic, 
aes 
S$2—S1 . ° A 
t22C2 Speeds for Tapping and Threading 
The cube law may be most conveniently stated thus: 
The cutting speed varies inversely as the cube root of the product of Cutting speeds for tapping and threading, as followed in the shops 


traverse by area of cut; or alternatively, the cutting speed varies inversely 
as the cube root of the product of depth of cut by traverse squared. 

In cutting cast-iron, the cube law as stated above is only applicable 
in the case of coarse feeds. When the feed is less than 7 in. the 
thickness of the chip has very little influence on the speed, which 
varies inversely as the cube root of the area of cut approximately. 

An examination of a large collection of data led Stantry H. 
Moors to construct Fig. 29 (Amer. Mach., Dec. 25, 1902) for the best 
feed and speed values for various depths of cut, the term ‘‘best feed 
and speed” being understood to mean that combination that will 
remove a maximum amount of material when due consideration is 
given to economy and the time required for changing and grinding 
the tools. 

The use of the charts is explained by an example below them. 

20 


named, are as follows (Amer. Mach., Aug. 3, 1911): 
By the F. E. Wells Co., for tapping cast-iron: 


i 3 2 3 x inch holes 
382 255 191 153 127 ROO Joe 
using an oil or soda compound. 
For soft steel and iron: 
: 3 2 3 : inch holes 
209 153 115 gI 76 95 05 soak 


using oil as a lubricant. 


1 


The National Machine Company uses 233 r.p.m. up to ¢{ in. 


1 


diameter and r4or.p.m. for sizes between { and 4 in., using a screw- 


cutting oil as a lubricant. 


They tap holes as deep as four tap diameters by power. 
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TABLE 31.—TAYLOR’s CuTTING SPEEDS IN Cast-1RoN—(Continued) 
Standard 1-in. Toot Standard 1}-in. Tool ik, 
; Cutting speed in ft. per min. for a tool Cutting speed in ft. per min. for a tool 
Depth of F which is to last 1 hr. and 30 min. Depth of reeien which is to last 1 hr. and 30 mins 
cut in Feed = before regrinding cut in an before regrinding 
ins. i Soft Medium Hard ins. Soft Medium Hard 
cast-iron cast-iron cast-iron cast-iron cast-iron cast-iron 
; | 64h 226 113 66 a 239 119.6 69.8 
32 77 88.4 51.6 32 191 OSB Me S56 
3 is 130 64.8 37.8 3 ts 142 70.8 AL.3 
32 oe 107 sas 382 2 oy 118 59.1 34.4 
| 5 2.8 46.4 27 t 103 ny 30.2 
3 75.7 37.8 22.1 vs 85 42.5 24.8 
ea 205 102 | 59.8 aa 216 108 63.1 
a5 160 85.1 46.8 a5 172 86.2 Ome 
I | 16 118 58.8 34.3 I vs 128 64 Bap. 
8 eas, | 897 48.5 23.3 8 ts 107 53-4 31.2 
t 84.2 42.1 24.6 t 93.4 46.7 Dy) 
vs 68.6 BiB 20 is 76.8 38.4 DBP sik 
| 
Ga 181 90.6 52.0 ae 187 93-5 54.6 
32 142 70.8 41.3 32 149 74.6 43.6 
3 i6 TO4 51.9 30.3 3) 16 III 555 3257 
16 as 85 42.9 25 16 ps 92. 46.3 27 
3 74.3 37-2 21-7 3 730% 36.5 20.3 
is 60.6 Boe 17.7 as 66.4 23.2 19.4 
ez 165 82.3 48.1 ey 168 84.1 49.1 
32 129 64.4 37.5 37 134 67.2 39.2 
I i6 94-3 47.1 27-5 I 16 99.8 49.9 29.1 
4 3s 77.8 38.9 22.7 4 ey 83.2 41.6 24.3 
3 CTEG™ 33-7 LO27 3 72.6 36.3 20,2 
is 55 27.5 16.1 ie 59-7 29.8 17.4 
er 143 Tle 41.8 ei 44 71.8 41.9 
a5 112 56 32.6 33 IIs Ses} 33-4 
3 16 81.9 AI 23.9 3 ds 85.1 42.6 24.8 
8 ae 67.6 288 19.7 8 es 70.9 255 Zon 
a 58.6 20.3 ip at 4 62 31 LISS ot 
as 57.5 25a 7, 16.8 as 5r 25.5 14.9 
& 132 66.2 38.6 & ieee 55.6 38.3 
oy | 104 51.6 30.2 ay 105 52.3 Bous 
I i6 75-8 37-9 22% cs is 77.6" 38.8 22.7 
2 3 62.6 31.3 18.3 2 as 64.7 32.4 18.9 
3 54.2 27.1 15.8 ; 56.6 28.3 16.5 
5 44.2 Dg: 12.9 3 46.5 23.3 13.6 
ea 6 
By the Landis Machine Co., for threading cast-iron in machines ee ee 5 Se Fe 
- ay 89.2 44.6 26 
of the bolt-cutter type: i He : 
a ES en 3 zl : 3 16 2 33-1 19.3 
4 8 2 4 ay Iz 2 ins. 4 "BU 5 , 6 a 
200 150 125 100 85 55 HES ie fs Wb : a bite : “ 
with petroleum as a lubricant. A : : ae ae 
For soft steel and iron: 16 : : : 
1 Z A 3 I 14 2 ins. Fig. 30, by W. G. Groocock, which gives the practice of the Woolwich 
4 
280 220 175 140 IIS 75 ©, i jos we, arsenal (Amer. Mach., Aug. 17, 1911). The chart contains also lines 


with compound or screw-cutting oil. 

The speeds are for high-speed steel dies. Some users of the 
machines run at a much higher rate, the figures given being conserva- 
tive and easily attained. 

The Bignall & Keeler Mfg. Co., aims to have its pipe-threading 
machines run ata cutting speed of 15 ft. per min. They advise 
nothing but lard oil on the dies. 

The Standard Engineering Co. also recommends a cutting speed 
of 15 ft. per min. 

The number of teeth in milling cutters may be determined from 


for the lead of the spiral. Mr. Groocock’s practice is to use a 14-deg. 
spiral on end and finishing mills and 20 to 25 deg. on roughing end and 
slab mills, with an occasional slab mill of 30 deg. spiral and fewer teeth. 

Milling machine cutters of greatly increased pitch of teeth formed 
the subject of extended tests by the Cincinnati Milling Machine Cox 
which were reported on by A. L. DeELEEUW (Trans. A. S. M. E. 
Vol. 33). The dimensions found most advantageous, as regards 
capacity and power consumption, are shown in Fig. 31. For the 
power consumption obtained in these tests, see Power Requirements 
of Milling Machines, 
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Fic. 30.—Number of teeth in milling cutters. 
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Fic. 31.—Coarse pitch milling cutters. 


CAST-IRON 


The following particulars and tables relating to the properties 
and uses of cast-iron are extracted from the report of Dr. J. J. Porter, 
chairman of a committee of the American Foundrymen’s Association 
(Trans. A. F. A., Vol. 19). 

Cast-iron is a complex alloy of six or more elements. The common 
elements are: Iron, carbon, silicon, sulphur, phosphorus, manganese; 
and the other elements sometimes present are: Copper, nickel, 
oxygen, nitrogen, aluminum, titanium and vanadium. 

Carbon is the most important element in cast-iron. It exists in 
many forms, all of which are included under the two heads of graph- 
ite and combined carbon.- The total carbon is dependent upon 
the temperature in the blast-furnace, the conditions of melting and 
the percentage of other metalloids. Graphite weakensiron. The 
amount depends upon the per cent. of total carbon, the rate of cool- 
ing, the per cent. of silicon, the per cent. of sulphur, and the per cent. 
of manganese. Combined carbon hardens iron and may increase 
or decrease the strength. The amount depends upon the per cent. 
silicon, the rate of cooling, the per cent. sulphur and the per cent. 
manganese, 

Silicon exists in cast-iron in the form of silicides. Its chief effects 
are through its action on the carbon. Increasing the silicon decreases 
the total carbon because it replaces carbon in the molten solution. 
Increasing the silicon increases the graphite because it replaces car- 
bon in the solid solution, the displaced carbon being precipitated as 
graphite. 

Phosphorus exists in cast-iron as the phosphide Fe;P which is 
insoluble in the solid iron-carbon solution. Phosphorus decreases 
the total carbon. According to Upton, the effect of phosphorus on 
carbon is to slightly increase graphite and decrease total carbon. 

Sulphur exists in cast-iron as iron sulphide and manganese sul- 
phide. Iron sulphide forms a eutectic with iron melting at 1780 deg. 
Fahr. and insoluble in the solid iron-carbon solution. It therefore 
forms films between the iron crystals and causes brittleness. 

Manganese sulphide does not form these films and is less detri- 
mental. Manganese has a greater affinity than iron for sulphur and 
with enough manganese all the sulphur will be in combination with it. 

Sulphur has a greater tendency to segregate than any other con- 
stituent of cast-iron. This tendency is greatest with manganese 
sulphide. Sulphur tends to decrease graphite and increase combined 
carbon. 

The presence of silicon decreases the amount of sulphur which 
cast-iron can take up. Much sulphur reduces the total carbon, and 
vice versa. 

Manganese may exist in cast-iron as manganese sulphide or as 
manganese carbide. It tends to harden iron. It can neutralize 
sulphur and will also remove dissolved oxide at high temperatures, 
as in the blast-furnace. 

Traces of copper are common in pig iron. Its effects on cast-iron 
are poorly understood. Cast-iron will take up only about 5 per cent. 
copper and this does not affect the casting properties. Copper 
accentuates the red-shortness due to sulphur. Copper prevents a 
complete evolution of sulphur in iron analysis. 

Small amounts of nickel occur in many pig irons. Its effects on 
the strength and ductility of cast-iron are relatively unimportant. 

The strength of cast-iron is dependent upon nine factors: 1, per 
cent. of graphite; 2, size of graphite flakes; 3, per cent. of combined 
carbon; 4, size of primary crystals of solid solution, Fe-C-Si; s, 
amount of dissolved oxide; 6, per cent. of phosphorus; 7, per cent. of 
sulphur; 8, per cent. of silicon; 9, per cent. of manganese. 


The size of graphite flakes accounts for many cases of difference 
in strength of irons of the same composition. The factors influencing 
the size are very poorly understood. j 

The effect of dissolved oxide is probably important. To reduce 
oxide we may get the best brands of pig iron, avoid oxidizing con- 
ditions in the cupola, and use deoxidizing agents. 

Phosphorus lessens strength, particularly resistance to shock. 
One per cent. produces a marked effect. 

Sulphur may indirectly strengthen iron through decreasing the 
graphite, but is more likely to weaken it through causing blowholes 
and high shrinkage. 

Silicon and manganese act chiefly indirectly. Silicon should be 
kept as low as possible and still have the necessary softness. Man- 
ganese should be high, but if too high produces weakness. 

Of the elastic properties only toughness and elasticity are important 
in cast-iron. The sum of these properties is given by the deflection. 
The factors influencing them are about the same as those influencing 
strength. 

Maximum rigidity with the least sacrifice of strength and 
toughness is obtained through the use of manganese and combined 
carbon. 

Hardness is due both to combined carbon and gamma solid solution. 
The latter explains the cases of hard cast-iron which are yet low in 
combined carbon. 

Phosphorus has only a slight hardening effect. Manganese may 
soften iron through its action on the sulphur, but in larger amounts 
will harden it. Sulphur is an energetic hardening agent. Silicon 
softens iron due to its action in decreasing combined carbon up to a 
certain point. Beyond this point it hardens, due to its direct action. 
Combined carbon is the chief hardening agent in cast-iron. 

In chilled iron the factors influencing the depth and quality of the 
chill are, pouring temperature, and percentage of silicon, sulphur, 
phosphorus and total carbon. The higher the pouring temperature 
the deeper the chill. Sulphur causes a brittle chill and is undesirable. 
Phosphorus injures the strength of chill and causes a sharp line be- 
tween the white and gray portions. Manganese increases the hard- 
ness of the chill and its resistance to heat strains. 

The grain structure and porosity depend on the size and percentage 
of the graphite. The fusibility of cast-iron depends primarily on 
combined carbon, and to a less extent on the phosphorus. Graphite 
affects the melting-point only in so far as it dissolves in the iron at 
temperatures below the melting-point. 

Fluidity is determined by per cent. silicon, per cent. phosphorus, 
freedom from dissolved oxide and temperature above the freezing- 
point. 

The following Table 1 of classified castings is taken by Dr. Porter 
partly from published results but chiefly from replies to inquiries. 
Thickness is taken into consideration since this largely determines 
the percentage of silicon necessary, and it has been the aim to sub- 
divide the various classes according to section wherever possible. 
In this respect the endeavor has been to follow the definitions of the 
American Society for Testing Materials, who have grouped castings 
according to thickness as follows: 

“Castings having any section less than 3} in. thick shall be known 
as light castings. 


“Castings in which no section is less than 2 ins. thick shall be known | 


as heavy castings. 


“Medium castings are those not included in the above defi- | 


nitions.” 
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TABLE 1.—CHEMICAL ComposITION OF IRON CASTINGS FOR VARIOUS PURPOSES 
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The last analysis under each head is preceded by the word “ Sug.”’ (abbreviated from suggested) and is the tentative standard or probable best analysis 


suggested by the committee. 


Silicon Sulphur Phos. Mang. 
Acip RESISTING CASTINGS: 
1.00% 050% 50% 
2.30 low .20 41% 
.80-2.00 .02--.03 .40-.60 I.00-2.00 
Sug. 1.00-2.00 und. .os und. .40 1.00-1.50 


AGRICULTURAL MACHINERY, ORDINARY: 


2.20-2.80%und. .085%und.70% und. .70% 


2.65 .050 81 .70 

225 .070 -70 .80 

2.10 .068 ons -45 

2.00 080 .890 . 46 
Sug. 2.00-2.50 .06-.08 .60-,80 .60-.80 
AGRICULTURAL MACHINERY, VERY THIN: 

2.900 % 050% 85 % 70% 

2.50 .o8o0 .65 .60 
Sug. 2.25-2.75 .06-.08 .70-.90. .50-.70 
ArtR CYLINDERS: 

I.20-1.50% und. .00% .35-.60% .50—.80% 
1.90 .074 .50 .65 
Robs .o85 -40 .70 
295 .100 30 .90 

2.00 .070 .30 .60 
Sug. 1.00-1.75 und. .09 -30-.50 -70-.90 
AMMONIA CYLINDERS: 

A I.20-1.90% und. .095% und. .70% +.60—-.80% 
Sug. 1.00-1.75 und. .09 .30-.50 .70-.90 
ANNEALING Boxes, Pots AND PANs: 

1.20% .060 % .10% -40% 
1.80 .03 ay Ao .60 
ES -04 Ae 1.08 
Sug. 1.40-1.60 und. .06 und, .20 .60--1.00 
AUTOMOBILE CASTINGS: 
1.80% .030% -50% -70% 
R65 .076 -45 SOS 
285 .072 -60 70 
Sug. 1.75-2.25 und. .08 -40-.50 60—.80 
AUTOMOBILE CYLINDERS: 
1.65% -076% -45 % 65% 
2.3% .004 -50 -43 
2.70 053 -46 nas 
2.45 .102 a fe -41 
2.59 -083 -57 -47 
2 as 104 .82 me 
2.08 047 . 89 27 
2.67 TEs alee .38 
2.30 .084 81 52 
1.60 083 -54 ay te) 
3.26 -159 -93 -44 
La72 .OO1 .58 .48 
FO7; -068 -44 .82 
1.38 003 .62 he) 
1.47 075 223 .60 
I.50 .103 . 86 -43 
I.99 .130 65 .39 
1.89 .090 70 -39 
2.29 .090 .83 .60 
Sug. I.75-2.00 und. .08 -40-.50 .60—.80 
AUTOMOBILE FLY-WHEELS: 
2.35% 072 % 60% -70% 
3.20 045 235. ones 
Sug. 2.25-2.50 und. .07 .40—.50 .50-.70 
BALLs FoR BAL MILLs: 
1.00% .100% -30% -50% 
Sug. 1.00-1.25 und. .08 und. .20 .60-1.00 


Under is abbreviated by ‘“‘ und.” 


Comb. Total 
carb. carb. 
3.00% 
3.60 
3.00-3.50 
3.00-3.50 
-15% 3.50% 
.30 3.50 
47 3-42 
50 3.39 
10% 3.50% 
.30 3.50 

Oo 3.50% 
.80 3.40 
-40 

3.00-3.30 
3.00-3.30% 
2.90% 

.58 3.68 

low 

60 % 3-50% 
5S 
-40 
55% 

-SI 3-35 % 
-44. 3.02 
.41 3-47 
LL 3-35 

09 3-04 

14 Ryne) 

10 3.24 
+59 3-35 
.66 3-75 
-03 2.87 
.62 2.52 
.62 3-91 
57S) 3.61 
-45 3.17 
+77 3-34 
.90 4.16 

-55--05 3.00-3.25 
40% 
perp 
low 
low 


Silicon Sulphur Phos. Mang. 
BerEpD PLATES: 
2.20% 090% 155 %o -50% 
Pete 090 .40 .60 
Os 28 .92 
1.85 .080 .60 Sete! 
I.80-2.20 .04-.06 -45-.55 740—. 50) 
1.65-1.85 .070 -65—.80 .60—-.75 
Sug. 1.25-1.75 und. -ro0 .30-.50 .60-.89 
BoILER CASTINGS: 
2.50% und. .07% und. .20% .80-1.0% 
2.25 .060 .62 59 
Sug. 2.00-2.50 und. .06 und. .20 .60-1.0 
BRAKE SHOES: 
1.50% low 


2.00-2.50% und. .15% und. .70% und. .70% 


2.00-2.50 und. .15 und. .70 und. .70 
I.40-1.80 .06—-.08 .50-.80 -45-.60 

1.86 ros 1.93 238 

Sug. I.40-I.60 .08—.10 .30 50.70 


Car CASTINGS, GRAY IRON. 
2.20-2.80% und. .085% und. .70% und. .70% 


I.40-1.80 .06—-.08 .50-.80 -45—-.60 
BeOS .050 .60 Bap 
1.75 -070 .85 -60 
Sug. 1.50-2.25 und. .08 .40-.60 .60-.80 
Car WHEELS, CHILLED: 
+50-.70%  .05-:07% ~.35—-45% ~.30-.50% 
-58—.68 .05-.08 »25-.45 Le rey, 
+73 .080 -43 -44 
. 86 27, 35 .49 
ao) .08 .50 -40 
58 -IAI .38 48 
Sidi . IOI -41 -42 
68 188 .36 -53 
307. .170 .38 .81 
.50-.60 .o8—, 10 -30-.40 -45-.55 
Sug. .60—.70 .08-.10 -30-.40 .50-.60 
Car WHEELS, UNCHILLED. See Wheels. 
CHILLED CASTINGS: 
.80-1:00% .00-.11% -50% 50% 
I.20-1.40 low 
I.00 08 40 sais 
Teas) Ly .60 ue 
.50 .200 45 I.50 
I.20 .090 .30 .50 
T20: .080 .30 r,.25 
BTS :090 .30 A330 
Sug. .75-1.25 .08-1.0 .20-.40 80-1.2 
CHILLS: 
2.07% .073 % “3 Lio -48% 
Sug. 1.75-2.25 wnd. 207 .20-.40 60-1.0 
COLLARS AND COUPLINGS FOR SHAFTING: 
1.60% .040 % -55% 55% 
Sug. 1.75-2.00 und. .08 -40-.50 .60-.80 


Cotton MACHINERY. See also Machinery Caslings: 


2,.20-2.30% und. .090% .70% 60% 
Sug. 2.00-2.25 und. .08 .60-.80 .60-.80 
CRUSHER JAWS: 
.80-1.00% .090-.11% 50% -50% 
I.00 080 40 ois 
-50 .20 .45 1.50 
Sug. .80-1.00 .08—.10 20-.40 .80-1.2 


See also Brake Shoe and Car Wheels: 


Comb. Total 
carb. carb. 
72% 

.50 3.25- 
3.50% 
-40-.50 3.40-3.60 
3.85 
low 

-40-.65% 3.50% 

Tee 3.0L 
low 

-40-.65% 3.50% 

3-50 

-50-.75% 3.50% 

.63-1.0 

1.25 4.31 
+92 3-47 
.60 3.50 
.90 3.63 
-74 3.66 

-70-.80 3.50 

-60—.80 3.50-3.70 

low 

3.25% 
65% 3.00 
3.00 3.00 
2.0 3.20 
3-50 

3.00 3.20 
+23 % 2.64% 
30% 3.57% 
-45 % 3-45 % 

3.25% 

3.00% 3.00 
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TABLE I.—CHEMICAL COMPOSITION OF IRON CASTINGS FOR VARIOUS PurposEes—(Continued) 


i Total 
Silicon Sulphur Phos. Mang. Comb. | Tota 


carb. carb. 

CuTTING Toots, CHILLED CAST-IRON: 

1.35% -117% 60% +54% -65% 3.00% 
Sug. 1.00-1.25 und. .08 .20-.40 .60—.80 
Dies FoR Drop HAMMERS: 

I.40% .060 % -10% -40% 

I.40 .090 -40 ~ 5 70: * 1.00% 3.20% 
Sug. 1.25-1.50 und. .07 und. .20 .60—.80 low 
DIAMOND POLISHING WHEELS: 

2.70% - 063 % -30% 44% 1.60% 2.97% 
DYANMO AND Motor FRAMES, BASES AND SPIDERS, LARGE: 

1.95% -042% -40% -39% 59% 3.82% 

I.90 .08 -47 .60 -64 3.79 

2255 070 as -60 255 3.80 

2.10 .070 n55) .40 3.50 
Sug. 2.00-2.50 und. .08 .50-.80 -30-.40 -20-.30 low 
DyYNAMO AND Motor FRAMES, BASES AND SPIDERS, SMALL: 

3-19% -075 % -89% -35% -06% 2.95% 

2230 .070 nists .40 3.50 

2.50 .070 75) .60 -55 3.95 
Sug. 2.50-3.00 und. .08 -50-.80 -30-.40 -20-.30 low 
ELECTRICAL CASTINGS: 

3.19% .075 % 890% -35% 06 % 2.95% 

1.95 042 -40 -39 -59 S82 

I.90 080 EAy -60 64 379 

CMOS .070 75 .60 53S 3.80 

2.50 .070 -75 -60 255 3.95 

2.10 .070 -55 .40 3.50 

2.30 .070 -55 -40 3.50 
Sug. 2.00-3.00 und. .08 -50—-.80 -30-.40 .20-.30 low 


ECCENTRIC STRAPS. See Locomotive Castings and Machinery Castings: 


ENGINE Frames. See also Machinery Castings: 


2.25% 080% 55% 60% 

1.60 .090 -50 .60 

Tee, .100 -40 .60 
Sug. 1.25-2.00 und. .09 -30—-.50 .6C-1.0 


FarM IMPLEMENTS: 


2.00% 089% 890% -46% -50% 3.39% 
2.10 068 68 -45 -47 Base: 
Sug. 2.00-2.50 . 06—. 08 -50-.80 -60-.80 
Fire Pots: 
2.50% und. 707% und. .20% .80-1.0% 
Sug. 2.00-2.50 und. .06 und. .20 -60-1.0 low 


FLY-WHEELS. See also Automobile Fly-wheels and Machinery Castings: 


2.20% .090% -55% .50% 
I.50 . 090 -50 .60 
Sug. 1.50-2.25 und. .08 -40—.60 -50-.70 


FRICTION CLUTCHES: 
2.00-2.50% und. .15% und. .70% und. .70% 
Sug. 1.75—2.00 .08—.10 und. .30 -50-.70 low 


FURNACE CASTINGS: 
2.50% und. .07% und. .20% .80-1.0% 


2.00 085 235) +53 
1.85 .090 -70 .60 
Sug. 2.00-2.50 und. .06 und. .20 .60-1.00 low 


Gas ENGINE CYLINDERS: 


1.45% -65 % 
1.98 .000% -84% 203 
Ton ae BE ty -40 sas I.40% 3 74% 
FOO=t. 25 .04-.08 -20-.40 -70—-.80 .60—.80 3.00-3.10 
Sug. 1.00-1.75 und. .08 -20-.40 -70-.90 3.00-3.30 


Gears, Heavy: 


I.40% -060% -10% -40% 
-94 -150 43 Soir 1.47% 
1.60 -080 -40 .60 3.50% 
50-175 .080 -40—-.60 -50—.70 
I.00-1.25 075 -40 .80-1.0 very low 
I.40-1.60 -04-.08 -30—.50 -40-.60 -50-.80 3.20-3.40 
Sug. I.00-1.50 .08—.1I0 -30-.50 .80-1.0 low 


Silicon Sulphur Phos. 


GEARS, MEDIUM: 


I.50-2.00% und. .08% .35-.60% 


I.90 .060 Ae) 

2.30 . 060 .60 

I.90 . 100 .69 
Sug. 1.50-2.00 und. .09 .40-.60 


GEARS, SMALL: 


3-43 % 1.42% 
2.00 - 100% -50 
Sug. 2.00-2.50 und. .08 -50-.70 


GRaTE Bars: 
2.75% low low 


2.00 -085 % 35% 
Sug. 2.00-2.50 und. .06 und. .20 


Mang. 


-50-.80% 


.40 
.60 
.58 

-70-.90 


-90% 
.70 
.60—.80 


-53% 


.60-1.0 


GRINDING MACHINERY, CHILLED CASTINGS FOR: 


50% - 200% +45 % 
Sug. .50-.75 .15—.20 -20-.40 


GUN CARRIAGES: 


-94% -050% -44% 
I.00 .050 .30 
Sug. I.00-1.25 und. .06 220>.30 
Gun Iron: ‘ 
1.34% .003 % -08% 
1.19 .055 -41 
Tess .050 229 
.98 .06 -43 
.30 -44 
te20 . 100 .30 
Sug. 1.00-1.25 und. .06 .20—.30 


HANGERS FOR SHAFTING: 


1.60% 040% -55% 
Sug. 1.50-2.00 und. .08 .40-.50 


HArpwWarE, Licut: 


1.84% 2258 % 
2.20 -74 
250) Tt 
2.51 -110% .62 
2.70 .030 -60 
2.50 und. .050 -60 
2.00-2.25 050 ~85 
Sug. 2.25-2.75 und. .08 .50-.80 
HEAT RESISTANT IRON: 
I.20% .060 % -10% 
E07) 032 .09 
Pes sda . 086 T20) 
202 .070 .89 
153 .040 -33 
25077) .073 aot 
1.80 030 -70 
2as low low 
2.50 und. .07 und. .20 
7.0 O75 -63 
2.00 .030 ro 


Sug. I.25-2.50 und. .06 und. .20 


HoLiow Ware: 
2.51% -I1I0% .62% 
Sug. 2.25-2.75 und. .08 -50-.70 


HOUSINGS FOR ROLLING MILLs: 
1206-5.25.% 085% 65% 
Sug. 1.00-1.25 und. .08 .20-.30 


HYDRAULIC CyLINDERS, HrEavy: 


1.00% 050% 30% 
-90 .136 -39 
.80-1.50 OZ aL Doe SO) 
i) 085 +40 
-95 .100 -30 
rhs und. .08 -50 
-90-1I.20 -06—.08 » 30-350 
Sug. .80-1.20 und. .10 -20-.40 


1.50% 
I.5-2.0 


-31% 
-60 
.80-1.0 


1.00% 
-42 
+45 
-43 

6a55 
.80 


-50-.70 


.40 % 


-80-1.0 


-60-1.00 


-41% 
5 0— 27/0 


75% 
.80-1.0 


60% 


25 


.80-1.0 
-80-1.0 


Comb. 
carb. 


-55% 


-63% 


-24% 
-40 


+43 % 
mES 
-84 
-58 
eo 


-56 


und. .30 


+24% 


I.10% 
1.44 


.70 

.80 

Ths 
.80-1.0 


Total 
carb. 


3-75 % 
3.83 


3.50% 


low 


3.00% 


3.18% 
3.60 


3-85-4.00 | 


3.87% 
3.30 
3.60 
3.68 
2.64 


3.68 


low 


3.18% 


2.90-3.10 
low 


CAST-IRON 


TABLE 1.—CHEMICAL ComposiTION or Iron Castincs For VARIOUS Purposres—(C ontinued) 


aye Comb. Total ot 
Silicon Sulphur Phos. Mang. cane Are Silicon Sulphur Phos. Mang. 
hy a ORNAMENTAL WORK: 
YDRAULIC ee a MEpDIumM: oe 4.19% 080% 1.24% 67%. 
aes 7o oie ee woe 2.51 sI10 .62 .41 
; : : , 2.25 -60-.90 
1.62 08 50 .60 Sug. 2.25-2.75 und. .08 .60-1.0 50-.70 
A725 .070 -40 -55 50% 
Sug. 1.20-1.60 und. .09  .30-.50 .70-.90 low PERMANENT MoLps: 
2.15% 086 % 1.26% 41% 
Incot Mops ANp Sroots: 202 +070 89 +29 
1.20% 060% 10% 40% Sug. 2.00-2.75 und. .07 .20-.40 60-1.0 
1.67 +032 09 .29 43 % 3.87% PERMANENT MOLD CasTINGs: 
Sug. 1.25-1.50 und. .06 und. .20 .60-1.0 2.00-3.00% 
. Sug. 1.50-3.00 und. .06 und. .40 
Locomotive Castincs, Heavy: i weg 
I.40-2.00% und. .085% und. .60% und. .70% PIANO PLATEs: 
I.25—-1.50 .06-.08  .40-.60 .45-.60 50-.70% 3.50% 2097 low 40% 60% 
1.62 008 40 49 Sug. 2.00-2.25 und. .07 .40-.60 60—.80 
Sug. 1.25-1.50 und. .08 “S0—. 50 .70-.90 PILLow Buiocxs: 
1.60% 040 % 55% 55% 
Locomotive CastIncs, Licut: Sug. 1.50-1.75 und. .08 40-.50 GO=n80 
I.40-2.00% und. .085% und. .60% und. .70% 
I.50-2.00 .06-.08 .40-.60 .45—.60 -45-.55% 3.50% PIPE: 
Sug. 1.50-2.00 und. .08 .40-.60 .60-.80 2.00% 060 % 60% 60% 
2.00 . 060 I.00 .60 
LocoMOTIVE CYLINDERS: Sag. I.50-2.00 und. .10 50-.80 .60—.80 
I.25-1.75% und. .10% und. .90% Pp FP 
I.40-2.00 und. .085 und. .60 und. .70% PENS 
$-a8=F 50 .06-.08 .40-.60 .45-.60 -50-.70% 3.50% Fase Ak Ete 
I.00-1.40 und. .II .40-.90 -40-.90 ts ihe ok ots 
a Tee a8 ee rail LO 62 VAL 
Ae we 48 78 Sug. 1.75-2.50 und. .08 50-.80 60—.80 
Sug. 1.00-1.50 .o8-.r0 -30-.50 .80-1.0 Pipe FITTINGS FOR SUPERHEATED STEAM LINES: 
T. 72% -085 % 890% -48% 
MACHINERY CASTINGS, HEAvy: I.40-1.60 .06-.09 .20-.40 AS aiS 
yey 110% 54% -35% -33 % 2.08% Sug. 1.50-1.75 und. .08 .20-.40 70-.90 
.85 . 030 “35 92 
.80-1.50 .030-.050 .35-.50 PISTON RINcs: 
-90-1.50 s00-222 -15-—.40 .20-.80 .10-.30 2.50-2.90 Tessa ave 
1.85 . 100 .50 .60 3.50 AD) 08:70 1.15% “35 
56 ie 40 aes I.50—-2.00 .06—.08 .40-.60 45-.60 
are sta "6a 45 3.40-3.5% Sug. 1.50-2.00 und. .08 -30-.50 40-.60 
r.75 .100 .50 .70 .80 ZnO8 PLow Points, CHILLED: 
Sug 1.00-1.50 und. .10 -30-.50 .80-1.0 low I.20-1.40% low 
1.20 .090 % -30% 50% 
MACHINERY CASTINGS, MEDIUM: 7 .090 B30 .30 
1.83% 078% .50% .31% +43 % 2.93% 1.20 080 +30 1.25 
2.25 -080 - -60 Sug. .75-1.25 und. .o8 .20-.30 80-1.0 
1.60 .060 70) 
ae Age 66 49 PROPELLER WHEELS: 
; 07 5 : 
4 aan =e 165 TEES 0G 32% -51% 
2.10 IIo .67 .50 3.40-3.55 xed om an ae 
ae oe 75 55 Sug. r.00-1.75 und. .10% .20-.40 60-1.0 
2.00 100 eS 50 75 3.50 PuLLeys, HEAvy: 
1.76 .075 -63 .79 56 3.68 1.75% .040 % -55% -55% 
2.00 100 50 50 50 3.60 2.40 .060 .60 .60 
Oe 075 45 65 .30 Sug. 1.75-2.25 und. .09 .50-.70 60-—.80 
7.80 060 .80 -50 +70 PuLLEys, LIGHT: 
2.06 075 +78 47 3.45 2.20-2.80% und. .08% und. .70% und. .70% 
1.40 low -20 -40 2.40 und. .08 95 -70 
2.00 030 +70 2 66 
372 .040 .50 ‘ 
CE 08 .60 50-.60 50 3.25-3.50 2.52 .075 77 68 
X.50—2.10 o08—.09 -40-.80 20-.60 +L0—.40 2)260—3,.20 3.35 089 70 47 
1.80-2.10 und. .09 -40-.90 -40~.90 2.25 .040 se RS 
Sug. 1.50-2.00 und. .09 -40-.60 .60-.80 2.15 080 .70 .60 
MACHINERY CaAsTINGS, LIGHT: Suge 25-275" Udy 08 100-320 ner ae 
2.04% 044 % 58% -39% +32% 3.84% Pumps, HAND: 
2.25 .080 -70 -50 20 35.55 2.30-2.75% und. .08% .60-1.0% .30-.50% 
2.7 037 aa aR) 3.66 Sug. 2.00-2.25 und. .08 .60—.80 .50—.70 
2.49 2 O97 ts. sA2 fae RADIATORS: 
2.5% 084 62 61 3.4 2.15% low 80% 45% 
2.50 . 100 .60 +70 3.50 2.45 104% 44 .40 
3.00 .060 -65 +50 3.50 Sug. 2.00-2.25 und. .08 .60-—.80 ~50—.70 
2.40 .050 -47 -59 
2.85 064 67 65 RAILROAD CASTINGS: 
a ae CG 68 2.20-2.80% und. .08% und. .70% und. .70% 
es 050 I.40-1.80 .06—-.08 .50—.80 .45-.60 
2.50 .100 70 .60 3.40-3.55 2.25 .050 .60 aS 
2.20-2.80 .06-.08 .60-—.1.3 .20—.40 -I0-.60 3.00-3.60 a5 .070 85 .60 
Sug. 2.00-2.50 und. .08 50-.70 +50-.70 Suige<te 50-4125) undy. 208 eee ei 


Comb. 
carb. 


-03 % 
+24 


ey 
84 


2 


Sis 


311 


Total 
carb, 


88% 
18 


3.30% 
3.60 


3.00-4.00% 


-30% 


I.16 


-17% 


1.20 
3.00 


60% 


+30% 


-30 
-40 


-40-.65 % 


3.50% 


WwWwww 


30 


-37% 
+42 
+57 
»55 


50% 
.40 


50% 
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TABLE 1.—CHEMICAL COMPOSITION OF TRON CASTINGS FoR VARIOUS PuRPOSES—(Contlinued) 
; b. tal re Comb. Total 
Silicon Sulphur Phos. Mang. ee ie Silicon Sulphur Phos. Mang. bah Sanh 
Rotts, CHILLED: STEAM CYLINDERS, MEDIUM—(Continued): 
-50-1.00% .O01I-.06% .20-.80% .I5-1.5% 2.60-3.25% 2.00 .070 .30 .60 
.80 .100 .88 -16 .O1 2.84% I.50 .070 SHS .70 3.50 
hE 058 54 -39 1.38 3.00 I.59 . 109 .60 -38 3.34 
65 .050 25 1.50 63 3.50 1.86 20 +55 +52 
Sug. .60—.80 .06-.08 -20-.40 POme te 3.00-3.25 I.90 .074 .50 65 
Rotts, UNCHILLED (SAND CAST): Sug. 1 ae ae Hee Eisai 
-75 % 030 % 125% 66 % 1.20% 4.10% ook ‘ a , ; 
STOVE PLATE: 
SCALEs: 2.900% 73% 1.40% 
1.67% I.92 I.90 ote ea : 
E ss 6 oa ree 2.59 072 % .62 .37 3 SiAESE Oe 
ae Res ae 3.19 084 Taro 38 33 3.41 
Sug. 2.00-2.30 und. .08 .60-1.0 w5O— 70) ate ee eee. te ss $388 
2.79 .077 I.40 32 220 3.22 
SLAG Car CASTINGS: PIRI 110 BOOZ 41 SOM 3.18 
1.76% -075 % .63 % -79 % 56% 3.68% 22,0 -O71 63 63 37 3.50 
2.00 .030 -70 : 2.76 084 .65 -54 ; 
Sug. I.75-2.00 und. .07 und. .30 -70-.90 2.50 .060 I.00 .60 
Sort, Pipe AND FItTINcs: 2.00 ee gee ie 
yee REO e ieee Roe : 2.50-3.00 bee .10 .60—.80 40—.60 3.00-4.00 
Sug. 1.75-2.25 und. .09 .50-.80 .60-.80 Beye Or pas Oo ee Come 
STEAM CYLINDERS, HEAvy: MESSE TES 
Seco Monae, eee Ye I.20-1.50% und. .09% .35-.60% 50—-.80% 
95 . 100 30 -90 -80% 3.40% at oy : be 
I.10 .136 +43 -33 99 3.30 S oe Fy oe “45 69% 
86 ae Pea an ee Aer ug. I.25-1.75 und. .09 .20-.40 80--1.0 
I.35-1.50 .080 .50 aes 3.65 VALVES, SMALL: 
I.30-1.40 -04-.08 -40—-.50 70—.80 -70-.80 3.00-3.20 1.70% .058% -50% 74% I.16% 4.18% 
-90-1.20 .00-—.12 -20—-.40 70-.90 und. 3.50 2223 .075 67 107% 
Sug. I.00-1.25 und. .10 .20-.40 80-1.0 low Sug. 1.75-2.25 und. .08 .30-.50 60-—.80 low 
STEAM CYLINDERS, MEDIUM: WATER HEATERS: 
1.66% 065 % -70% 90% 2.15% .050% 40% -50% 
1.60 . 063 aye .85 Sug. 2.00-2.25 und. .08 -30-.50 60—. 80 
1.70 .070 .70 75 
eG Ge en a Ae WHEELS, LARGE: 
I.40-2.00 .085 -70 30-.70 BNO 7a P4272 sae toe 
Oe andi nes eet ee Sug. 1.50-2.00 und. .o9 -30-.40 60-.80 
Reve Sie eras ee pees WHEELS, SMALL: 
“5 “05 . 00 0-.70 2.10% 050% 40% 50% 
I:50-1.80 .070 -43 -76 1.60 083 60 30 
1.85 -080 .60 50-.60 -50% 3.25-3.50 Sug. r.75-2.00 und. .08 .40-.50 50-.70 
75 - 100 -65 ~55 3-40-3.55 
1.32 .136 -43 ane 99 3.30 WuiITe IRON CasTINGs: 
I.12 085 -40 -70 -70 250: -50% -150% 20% -17% 2.90% 
2.00 . 100 -50 -70 -40 3.50 B90 .250 .70 .50 2.50 
TABLE 2.—TESTS : 
OF MALLEABLE CASTINGS Compression Tests 
Tension Tests 
Compressive 
; : ; ; ; Length i 
; Tensile Elongation Reduction Section Area ; sth, strength, ee 
Section Area | strength, lbs.| in 8 ins, area P2850 ; area, 
? ) , lbs. per sq. in. 
per sq. In. per cent. per cent. 
RO UTIG Meee ee ’ 
793 43100 8.70 SWS Roundeseseeeee 835 15 32950 883 
INGUIN lo Wicoo ans Aoi 43.000 5.87 6 
eee oie 2 4-7 INCU! co noa0 08 847 15 31700 gor 
mye. cise ssh : Ait 21 3.98 Round tsenmcrs cor ng 33240 886 
IROURGER coc os . 219 41130 ie HO 3.40 
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CAST-IRON 


Malleable Castings 


Malleable castings, made by the Buhl Malleable Co., were tested 
and reported on by C. M. Day (Amer. Mach., Apr. 5, 1906) and from 
the report the following facts are taken. Tensile and compressive 
tests were made on round, square, rectangular, and cruciform sec- 
tions. The rounds were of } and 1x in. diameters, the squares of 4 
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fact that the iron casts better in round sections or that the outer 
skin of a malleable casting is not its strongest part. Every one of the 
round bars showed a perfect fracture, with a good skin and a smooth 
velvety interior. It is generally thought that malleable iron does 
not cast well in round sections and that a section with narrow ribs 
is the strongest possible section. This is why the star-shaped section 
was made to test. In only one of the star pieces did the fracture 
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Fic. 1.—Stress-strain diagrams of malleable castings. 


and 1 in. sides, the rectangles }X{ in., while the crosses were 1 in. 
wide with 4 ribs } in. thick. The results are given in Table 2. 

Mr Day makes the following comments on the tests: It was found 
that the round section gave the best results both in the 1-in. and the 
iin. sizes, as well as in both tension and compression tests. The 
round section, besides having a greater tensile strength, also had a 
greater elongation and reduction in area. This may be due to the 


show up well. In the others there were signs of shrinkage. It 
seems rather strange that these results were quite the reverse from 
what were expected; the round section being the strongest, next the 
square, then the rectangular seciion, and lastly the star; varying 
inversely as the perimeter exposed. 

Fig. r gives representative stress strain diagrams from the 
tests. 
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Following are the specifications of the Bureau of Steam Engineering 
of the U. S. Navy Department for malleable castings: 

Malleable-iron castings for which physical requirements are speci- 
fied may be made by either the open-hearth or the air-furnace process. 

Sulphur must not exceed .o6 per cent., and phosphorus must not 
exceed .225 per cent. 

The transverse breaking load for a bar x in. square, loaded at the 
middle and resting on supports 1 ft. apart, shall be not less than 
3,000 lbs., deflection being at least 3 in. 
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The minimum tensile strength of the material must be 40,000 Ibs. 
per sq. in., and the elongation at least 24 per cent. in 2 ins. 

Castings must be true to pattern, free from blemishes, scale, and 
shrinkage cracks. 

Malleable castings must be neither “over” nor ‘“‘under”’ annealed. 
They must have received their full heat in the oven at least 60 hours 
after reaching that temperature, and shall not be dumped until they 
are at least “black hot.” 


STEEL 


For steel for springs, see also Springs. 

For steel for boilers, see Steam Boilers. 

A list of heat treatments will be found at the end of the section. 

The composition and physical properties of steel for a large variety 
of purposes are given in Table 1 of representative specifications by 
C. A. Tupper (Amer. Mach., Mar. 24, 1010). The table is the 
result of an inquiry extending through two years of time into the 
practice of many of the largest machinery building and structural 
work companies and has been submitted to a number of large users 
and manufacturers of steel, including engineers and chemists. It 
represents advanced practice. 

With the table Mr. Tupper makes some observations on the trend 
of practice in these matters from which the following extracts are 
taken: 

For carbon-steel masses of considerable weight rotating at great 
speed, such as the body of the spindle of a horizontal steam turbine 
running up to, say, 3600 r.p.m., metal of high endurance, having a 
tensile strength of 85,000 to 100,000 Ibs. and an elastic limit of 
55,000 to 70,000 Ibs. is now required, with elongation in 2 ins. of 25 
to 30 per cent., contraction 40 to 48 per cent. The same is also true 
of other rotating elements turning at much slower speed but subjected, 
at the same time, to heavy pressure or resistance, such as the runner 
of a hydraulic turbine or the impeller of a centrifugal pump. 

For pumping engines the conclusions of manufacturers and engi- 
neers vary, some being of the judgment that an ultimate tensile 
strength of 55,000 to 60,000 lbs. is ample, though an elastic limit of 
at least 30,000 to 40,000 lbs. is required. Elongation in 2 ins. (the 
present tendency apparently being to adhere to that standard) of 
20 to 28 per cent. and contraction of 35 to 45 per cent. between 25 
and 35 per cent., being considered satisfactory, are allowed for under 
these conditions. Sulphur and phosphorus should not exceed .o5 
per cent. each, and some users place .o2 to .o3 per cent. as the limit. 

In the purchase of steel billets, manufacturers find, as a matter of 
shop economy, that it is advisable to carry, as far as possible, stocks 
of generally suitable characteristics, rather than divide specifications. 

As to the carbon content, the grade of billet best adapted to engines 
or other machinery having a reciprocating motion, where no excessive 
strains or stresses are likely to be set up, should run from 25 to 33 
points. These can be machined to better advantage than the 5o- 
point carbon steel often recommended. In annealing, such steel is 
customarily heated to from 1650 to 1800 deg. Fahr. for 10 to 12 hours, 
and allowed to cool very slowly A higher temperature of heating 
is permissible, but not above the extreme limit reached in forging 
and most manufacturers fear to go above 1850 deg. Fahr. For the 
greater tensile strengths required in the operation of such machinery, 
up to, say, 70,000 lbs., the use of 33- to 35-point carbon steel is to 
be recommended. 

It should be recognized that overheating is more injurious to high- 
carbon steel than too low; also, that if the reduction in hammering 
or pressing has been great enough so that the coarsening of the grain 
at the high temperature to which the steel has been heated prior to 
such hammering or pressing has been well effaced, the harm of over- 
heating increases not only with the distance above the final point 
of recalescence to which the temperature is raised, but also in direct 
ratio to the percentage of carbon. Steel that has become danger- 
ously crystalline may—in many cases, at least—be restored to 
specification conditions, or better, by reheating and manipulation; 

but the necessity for this ought to be avoided just as far as possible. 

For less particular service, such as ordinary shop machinery, the 


usual stock billets of 15- to 25-point carbon, having a tensile strength 
of about 55,000 lbs., elastic limit practically negligible, and purchased 
with no more than ordinary physical or chemical requirements, are 
regarded as sufficient for all purposes. 

For special machinery parts subject to excessive wear, such as 
crank pins, valves, compression rods, table clutches, return cranks, 
etc., a carbon content of at least 50 to 55 points is needed. Such 
forgings, or even castings, should also show an ultimate tensile strength 
of at least 75,000 lbs., if not annealed, and a minimum of 65,000 to 
75,000 lbs. if thoroughly annealed, with elastic limit, elongation and 
contraction correspondingly high. 

For carbon-steel shafts and axles subjected to heavy strains (the 
tendency now being, however, to use some special alloy such as vana- 
dium) the requirements of machinery and truck builders vary con- 
siderably, but a content of .35 to .45 per cent. carbon, manganese not 
above .45 to .50 per cent., silicon .o5 per cent., sulphur not to exceed 
-03 per cent. and phosphorus within .o04 per cent. are considered safe. 
In actual manufacturing, where such steel is used, these standards 
have not heretofore been very generally realized, but the increasing 
frequency of accidents and breakdowns, under the severe require- 
ments of modern power, mill and traction service, is compelling 
builders to draw the lines tighter and tighter. 

It should be remembered, however, that the greater the percentage 
of carbon in billets, the higher is the temperature required in forging— 
not less than 1650 deg. Fahr. for high-carbon steel; hence costs may 
be kept down by using billets as low in carbon as the requirements 
of the finished product will permit. 

The selection of the proper steel for crank pins has always been a 
vexed question, particularly where such parts are subjected to heavy 
stresses and the force of sudden shocks—as in the case of a reversing 
engine for rolling-mill service, when the rolls bite the ingot. 45- 
to 55-point carbon steel, with tensile strength of 75,000 lbs. will 
meet ordinary requirements of heavy duty, but for continuously 
severe operating conditions, as in the instance above cited, a special 
alloy steel such as chrome vanadium of high tensile strength and great 
toughnessis desirable. An example of this will be found in the accom- 
panying table. 

For large traveling cranes a leading builder states that the grade 
of castings best suited to his requirements is of open-hearth steel, 
having an ultimate tensile strength between 66,000 and 68,000 lbs., 
elastic limit of 33,000 to 35,000 lbs., and chemical content of .24 per 
cent. carbon, .48 per cent. manganese, .20 per cent. silicon, .06 per 
cent. phosphorus, and .o4 per cent. sulphur. Steel for truck wheels 
carries .o3 per cent. carbon, .59 per cent. manganese, .63 per cent. 
silicon, .454 per cent. phosphorus and .152 per cent. sulphur; truck- 
wheel tires .44 per cent. carbon, .78 per cent. manganese, .28 per 
cent. silicon, .38 per cent. phosphorus and .048 per cent. sulphur. 
The figures given are taken from actual tests of steel that, all things 
considered, has proved most satisfactory. For pinions, armature 
shafts, truck axles, etc., a rolled open-hearth steel, 30 to 35 points 
carbon is used, and, for the cross shafts on the crane bridges, turned 
and ground shafting that runs high in carbon. The steel and other 
metal used in the construction of the crane-motors is such as electrical 
manufacturers employ in building high-grade motors for heavy duty. 

Some years ago attention was directed, by tests of the new armor 
plate made for naval vessels, to the great tensile strength, toughness 
and ductility of the then little-known nickel steel. Experiments 
with shafts, axles, spindles and other parts of vehicles or machinery 
rotating at considerable speeds also showed that it possessed the 
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extreemly valuable quality of resistance to fatigue, that it readily 
withstood shocks of all kinds as well as those of shell impact and that 
steel high in nickel was practically not subject to cracking or similar 
rupture. 

Forgings made from nickel steel have, in general, the same require- 
ments as those of ordinary carbon steel of the same class, with the 
addition of 2.5 to 3.5 per cent. nickel. This raises the ultimate 
strength anywhere from 10,000 to 80,000 lbs. per. sq. in. (depending 
upon the other characteristics of the metal), and the elastic limit in 
proportion, without sacrificing the ductility. In fact, the last-named 
is usually increased. 

The proportions of nickle commercially usable in large forgings 
intended for machinery parts are limited by a curious property of 
the metal, viz., that its mixture in high-carbon steel up to and beyond 
a certain percentage increases the hardness of the steel. Between 
these two points there is a small range, the working limits of which 
are about as stated above, in which nickel steel can be machined to 
the best advantage. For low-carbon nickel steel the range is some- 
what greater, and it can be easily worked cold with nickel under 
3 to 5.5 per cent. 

Specifications for small forgings, which are subsequently to be 
reduced by grinding, may call for as much nickel as is desirable. 
Steel can be forged readily, without regard to its nickel content. 

Nickel-steel forgings, also, do not ordinarily need annealing, 
except where the latter is intended to be carried to the tempering 
stage, as there is already sufficeint homogeneity in the structure. 

Allowing, however, for the truth of all that has been said above, 
it is a fact indicative of the rate of modern progress that for many 
purposes nickel steel has already had its day, and the addition or 
substituiton of other alloys, to form such combinations as chrome 
nickel, nickel vanadium and chrome vanadium steels, has become 
general. Vanadium has an even more favorable effect than nickel 
alone and increases the ductility and toughness of the steel containing 
it. This is now used for engine, locomotive and automobile parts, 
as well as in bridges, viaducts or other structures where there is 
much vibration. Chrome-nickel enters similarly into the composi- 
tion of machinery steel. Titanium appears to give results even 
better than those mentioned (although this is not generally con- 
ceded) and at the same time does not appear in the finished pro- 
duct. It apparently acts as a scavenger to remove impurities. 

Advocacy of vanadium steel is particularly strong at present 
among the expert metallurgists employed by machinery builders. 

A chrome-nickel, chrome-vanadium, chrome-nickel-vanadium or 
other special alloy steel used for the rotating parts of extremely 
compact high-speed machinery is ordinarily required to have an 
ultimate tensile strength of about 120,000 lbs., with elongation of 
16 to 30 per cent. in 2 ins. and the extremely high elastic limit of 
100,000 lbs. Where such machinery is subjected to extraordinary 
stresses, however, the tensile strength may run as high on test as 
165,000 to 175,000 lbs., with elastic limit very little under these 
figures and elongation up to 32 per cent. or beyond. 

In the forging of these alloyed steels, much more than in their 
machining, special skill is usually required, particularly when they 
are high in silicon; and the temperature must be maintained at above 
200 to 250 deg. Fahr. under the melting-point, thus necessitating, 
with a large piece, several reheatings, it being a well-recognized fact 
that forgings made at a temperature just above the final recalescence 
point are always strongest. A small variation in the proportioning 
of the alloys makes considerable difference in forging conditions; 
hence machinery builders find it necessary to check their specifica- 
tions very closely with the results of actual tests in the shop, before 
arbitrarily demanding this or that from the steel manufacturers. 
Failure to proceed very cautiously on that basis has, not infrequently, 
led to heavy losses. 

Heat treatment of steel in the shop—and there is nothing which 
will be more likely to influence specifications in future—comes under 
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two heads: annealing and tempering. The former, only, will be 
considered here, and without further reference to tool steel, which 
is a subject quite by itself. 

Until very recently, annealing has not been given by builders of 
high-speed or heavy machinery the attention it deserves, and, even 
to-day, the art is practised to a far less extent than the average 
reader probably supposes. 

By the annealing of steel before it leaves the mills, a uniformity 
of structure is given to billets which does much to relieve or prevent 
subsequent internal strains; and re-annealing of ordinary carbon 
steels in the shop, after forging or machining, is, as a rule highly 
desirable, for the reason that, at each of the three periods of recales- 
cence or “absorption” in heating and cooling (i.e., six periods both 
ways) an actual re-arrangement of the molecules takes place while an 
increase in temperature is temporarily arrested, and such disturbance 
as there may have been of the physical structure of the piece, tending 
to crystallization, gives way to a restoration of the desired conditions. 

In annealing, furnaces especially designed for the purpose, and 
preferably gas-fired, should be provided: The too prevalent tendency 
among machinery builders who do their own forging, to use an ordi- 
ary forge fire in annealing, leads to some pernicious results—results 
which, nevertheless, have to be taken into account in the preparation 
of specifications. ‘ 

A slow raising of the temperature to the final point of recalescence, 
with careful observation by means of a pyrometer, and even slower 
cooling, are essential to good practice. 

Chemical analysis, which originally met with so much opposition 
when introduced in metal-working plants, has been swung to the 
other extreme, so much so that undue reliance has, of late, been placed 
upon it in many quarters. Chemistry, property applied, is, of course, 
essential in determining the characteristics of steel; but it does not 
take the place of physical tests, and microscopic, or photo-micro- 
scopic apparatus will determine things that are altogether outside 
the range of chemistry. 

In testing, the appearance of a crystalline fracture, or any trace of 
crystallization, should be sufficient to at once cause the rejection of 
a forging, if annealed steel is required; but for unannealed forgings 
crystalline fractures may be regarded as normal if the steel is high 
in carbon. A circumstance to be here observed, and one often over- 
looked by machinery builders, is the fact that forgings made in custom 
shops will not be annealed in advance unless annealing is specified; 
also that they will not be physically tested unless such tests are asked 
for or they are purchased under definite physical specifications. In 
testing, a bar is ordinarily severed from an end having the full diam- 
eter of the forging, the cut being made in an axial direction about 
half way of the radius, according to the U. S. Naval standard. 

Since the development of the so-called high-speed press, the 
forging of steel by means of continuous hydraulic pressure, rather 
than by the use of a steam hammer, has been coming more and more 
into favor among builders of machinery subjected to severe stresses, 
for the reason that it results in a more uniform, homogeneous and 
reliable product. 


No matter how powerful a steam hammer may be, the force of | 


its blow is not ordinarily felt very far below the surface of a forging, 
and, even with the exercise of the greatest skill, the depth of com- 
pression forms a very irregular line around the center of the piece, 
leaving the interior far from solidified; whereas, with a press, the 
molecular structure of the forging is almost uniformly condensed, 
the compression being felt through its diameter. The press will also 
work very close to a shoulder, or even forge a squared up shoulder, 
thereby saving metal and time in machining. 

These facts are becoming so well recognized that the day of the 
large steam hammer is drawing to a close; henceforth, for heavy 


work, presses will be quite generally installed as new equipment is | 


needed. They are mentioned here particularly on account of the 
influence which they are beginning to exert on specifications. 
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One of the effects, which does not come under any of the other 
headings here treated, is a reduction (for pressed forgings) of 40 to 50 
per cent. in the area of the initial section as compared with that 
which must be specified for hammered forgings. 
Steel that has been forged by pressure and subsequently annealed 
shows greater homogeneity than hammered forgings and greater 


TABLE 2.—PHYSICAL AND CHEMICAL CHARACTERISTICS 


ESIGNERS AND DRAFTSMEN 


figures of a single analysis that is considered favorable; as it is prac- 
tically necessary for the steel manufacturer to have a certain amount 
of leeway in either direction. ‘‘We have learned,” says the super- 
intendent of one prominent crucible-steel plant, “‘that a chemical 
specification that permits of no leeway has usually been prepared 
by a novice. If we had no range to work on we would have to go 


OF STEEL FORGINGS FOR ENGINES OF THE U. S. Navy 


Notre.—Class C forgings will not be tested unless there is reason to doubt that they are of a quality suitable for the purpose for which intended. Tests, if 
equired, shall be made at the expense of the contractor, and may be made at the point of delivery. 


Without 
Maximum | showing 
| Minimum | Minimum | Minimum percent- cracks or 
S tensile elastic elonga- age of— /flaws must 
3 Material Treatment strength, limit, tion, cold bend Suitable uses 
Oo lbs. per lbs. per | per cent. | about an 
sq. in. sq. in. in 2 ins. | inner 
P. S. diameter 
| of— 
H. G| Open-hearth Annealed and 95,000 65,000 Da Os) || Sos lise Bolts and studs for all moving parts of main engines, shaft 
nickel steel, oil-tempered. through couplings, main bearing caps, thrust bearing side rods, 
| 180°, main engine framing and moving parts of circulating 
pumps; connecting rods, caps and bolts; eccentric rods; 
main circulating pump engine working parts; piston rods; 
Open-hearth, Annealed. Oil- | suspension links and link blocks; valve stems. 
A either nickel | oil-ternpering 80,000 50,000 25 205 il) ..05 || ean. Coupling bolts; crossheads and slippers; crank, thrust, 
or carbon optional, through Ilne, stern tube, tail, and propeller shafts; main bearing 
steel. 180°. cap bolts; outboard coupling; reverse arms and blocks; 
| rotor shaft; thrust bearing side rods; turning engine worm; 
| working parts, reversing gear; working parts, pumps. 
B | Open-hearth Annealed 60,000 30,000 30 OSs Osta hae eidts Bearer bars; Curtis turbine shaft; engine columns and tie- 
carbon steel. through rods; H.p. relief valve stems; main steam valve stems; 
180°. main bearing cap bolts; piston rod nuts; piston valve 
followers; pipe flanges; rotor drum and wheel; stole-plate 
wedges; swivel pins for crosshead; working levers and 
gears. 
C | Open-hearth Annealed SOOO tea earrienee OS rammed leet Etats I in. Gland for cylinder liners; small parts of eccentrics; uptake 
or Bessemer through and smoke-pipe forgings. 
steel. 180°. 


TABLE 3.—PHYSICAL AND CHEMICAL CHARACTERISTICS OF STEEL CASTINGS FOR THE U. S. Navy 


NotE.—Class C castings will not be tested unless there are reasons to doubt that they are of a quality suitable for the purpose for which they are intended. 


Tests, if required, may be made at the building yard. 
their behavior and the appearance of the fracture. 


The inspector will select a sufficient number of castings and have them crushed, bent, or broken, and note 


Chemical s : 3 
ee Physical requirements | 
Chast composition | 
eyisbol Not over—| Minimur, Minimum Minimum Minimum Bending test; | Suitable uses 
| tensile yield elonga- reduction cold bend (not 
P. S. strength point tion of area less than) 
Lbs. per Lbs. per Per cent. in Per cent. 
sq. in. sq. in. 2 ins. 
Special O04 |! 04 90,000 57,000 20 30 | 90 deg. about an | 
inner diameter 
of rin. 

A .05 | .05 80,000 35,000 I7 20 90 deg. about an | Engine frame strongbacks; I.P. and L.P. pistons; pistons 
inner diameter | and followers for piston valves; reverse arms; separators; 
of 1 in. valve stem crosshead. 

Maximum 
B 306) |, 05 80,000 30,000 22 25 120 deg. about an Boiler fittings; crosshead backing guide; cylinder and 
Minimum inner diameter | valve chest covers; engine bedplates; H.p. cylinder 
60,000 of I in. relief valves; I.P. and L.P. piston followers; main bear- 
ing caps and shoes; main steam valves; outboard coup- 
ling casing; pipe flanges; pipe flanges, slip joints, and 
safety and relief valves for superheated steam; piston 
rod and valve stem stuffing boxes; reducing valves; 
reverse shaft bearings; thrust horseshoes; valve stem 
| guide and crosshead cap. 
Cc WOO Fen OSM Mik. coms oe ac [Psiter sates fisy/ardaxa atantes? wae cell wt cass Nee eed eMac Tl aiaxo eae ae ee oe Unimportant castings. 
| | | 


elongation. It also has greater toughness, offers more resistance to 
all manner of strains and has a higher elastic limit. 

It may be stated here also that, in all cases, permissible variations 
in the chemical analysis of steel, no matter for what purpose intended, 
should be given—rather than insisting upon strict adherence to the 


out of the business.” At the same time the exercise of too great 
latitude in such matters should be carefully guarded against; and 
the proper relation both of chemical conditions and physical char- 
acteristics ought to be rigidly insisted upon where the character of 
the service demands it. 


STEEL 


Table 2 gives the physical and chemical characteristics specified 
by the Bureau of Steam Engineering of the U. S. Navy Department 
for engine forgings. The specified treatment is as follows: 

All forgings shall be annealed as a final process, unless otherwise 
directed. All tempered forgings, if forged solid, and if more than 
5 ins. in diameter in any part of their lengths, not including collars, 
palms, or flanges, shall be bored through axially before tempering, 
and the bore shall be of sufficient size to enable the manufacturer 
to get the requisite tempering effect. Forgings, such as crank 
shafts, thrust shafts, etc., may, previous to tempering, be machined 
in a manner best calculated to insure that the tempering effect 
reaches the desired portions. In this case, the inspector will decide 
upon the location of the test pieces if they cannot be taken in the 
manner hereinafter described. All forgings shall be free from slag, 
cracks, blowholes, hard spots, sand, foreign substances, and all 
other defects affecting their value. 

Table 3 gives the physical and chemical characteristics of 
steel castings specified by the U. S. Navy Deparment. 

Steel for resisting shock should be of high carbon content. In the 
past the accepted dictum was that for this purpose a low carbon 
steel should be used, the idea being that low carbon steel is tough and 
able to stand punishment and that high carbon steel is brittle. The 
fallacy of this reasoning was first shown by experience with steam- 
hammer piston rods at the Crescent steel works about 1880 and 
the demonstration was made complete by the experience of rock- 
drill manufacturers. In rock drills low carbon steel was a complete 
failure, high carbon steel being found, early in the history of the 
industry, to be the only suitable material. 
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Looking back, with the superior wisdom that comes after the 
event, the traditional view now seems absurd. It is now clear that 
what is wanted is a material that will absorb and give back again 
the greatest number of ft.-lbs. of energy without change of form; 
that is, without passing its elastic limit. That is to say, the property 
wanted is resilience and not toughness. In other words, we should 
aim at the properties of a spring and not at those of a piece of lead, 
which is equivalent to saying that we want high and not low carbon 
steel, and, by the same token, the steel should be in the tempered and 
not the annealed condition. 

The properties of steels of various carbon percentages, as regards 
the elastic resilience, have not been studied with sufficient care to 
enable the exact composition most suitable for resisting shock to be 
stated. Analogy would indicate that the composition most suitable 
for springs is the correct one for shock resistence, and the same remark 
applies to the heat treatment. At the same time, the author in his 
own experience with rock drills, made use of steel with carbon per 
centage as high as 1.25 and with conspicious success. Such steds 
were hardened with great care to avoid overheating and then drawn 
to a straw color. 


Steel for Cutting Tools 


The percentage of carbon suitable for carbon steel to‘S May be 
obtained from Table 4 (Amer. Mach., Nov.. 21, 1912° To some 
the carbon percentages will seem high but the table ithe result of 
much investigation. 


TABLE 4.—CARBON PERCENTAGE IN CARBON STEEL TOOLS 
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Taste 4.—CarBon PeRcENTAGE IN CarBon STEEL Toors—(Continued) 
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TABLE 4.—CARBON PERCENTAGE IN CARBON STEEL Toots—(Continued) 
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Composition and Properties of Carbon Steels 


The following data are from the report of the iron and steel di- 
vision of the standards committee of the Society of Automobile 
Engineers, Janurary 1912. 

A numeral index system has been adopted in the numbering of 
the metal specifications contained in this report. This system 
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renders it possible to employ specification numerals on shop draw- 
ings and blue prints, that are partially descriptive of the quality of 
material covered by such number; for example, to the carbon steels 
have been assigned the whole number to, the numbers following the 
dash indicating the content of carbon; wherefore to—10 is the speci- 
fication numeral for .10 carbon steel. 

In the case of steels containing nickel, the approximate percentage 
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of nickel is indicated in each case by the first figure to the left of the 
dash in the various specifications. In the case of the chromium 
steels and of the chromium-vanadium steels, the first figure to the 
left of the dash indicates approximately the chromium content. 
In the case of the silico-manganese steel, the corresponding figure 
indicates the silicon content. 

The basic numerals for the various qualities of steels herein speci- 
fied are as follows: 


Canboussteels jae na ocr r ate Tear are a ee = 
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Nickel-chromium steels, low nickel................  3I— 
Nickel-chromium steels, medium nickel............  32— 
Nickel-chromium steels, high nickel...............  33— 
Nickel-chromium-vanadium steels, low nickel. ..... 4I— 
Nickel-chromium-vanadium steels, medium nickel.. 42— 
Chromium steels, 1.00 per cent. chromium.........  51— 
Chromium steels, 1.20 per cent. chromium.........  52— 
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These steels may be of open-hearth, crucible or electric manu- 
facture, and must be homogeneous, sound and free from physical 
defects, such as pipes, seams, heavy scale or scabs and surface and 
internal defects visible to naked eye. 

These steels will be purchased on the basis of chemical analysis. 
The specifications indicate the desired chemical composition. Any 
shipments not conforming to these specifications after careful check 
analysis may be rejected. 

The notes and instructions following the chemical specifications 
are not to be considered in any way a part of these specifications. 
They are adeed solely for the information of the user of the steels 
and the guidance of the purchaser in the selection of proper steels 
for his different purposes. They should not be incorporated in the 
specification when ordering steel. 

Materials to be sampled shall be considered under three classes, 
namely: 

1. Wire, tubing, sheet and rod metal less than 14 in. in size shall 
be sampled across or through the entire section. 

2. Forgings or pieces of irregular shape shall be sampled by drill- 
ing or cutting at thickest and thinnest sections, or through or across 
entire section. In drop forgings changes of carbon may be looked 
for in the outer } in. of metal. 

3. Bars and billets or other shapes above 1} in. thick shall be 
drilled at half radius, or half-way between center and exterior 
surfaces. 

Recognizing the wide variance in methods used for the determi- 
nation of sulphur, the final reference method shall be the gravimetric 
(aqua regia) method, by oxidation. 

The figures for physical characteristics refer to sections common 
to automobile use, that is, bars from 1-in. round to 14 in. round. 
The high elastic limits can be obtained only on small sections or 
with severe heat treatments and the low elastic limits can be ex- 
pected on heavy sections or with less severe treatments. 


Carbon Steels 
SPECIFICATION No. to—10 


.Io Carbon Steel 


The following composition is desired: 


CAIOD arin not te ewe ee od cad bs ax anes 208 €01,15%(. 10% desited) 
AVIS AES cee atte wires id a ore tek ics .30 to .60% (.45% desired) 
Phosphorus, not to exceed........... .04 % 
SD ABE eNO LONEXCEGds a ium. oe oe .04% 
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This is usually known in the trade as soft, basic open-hearth steel. 
It is a material commonly used for seamless tubing, pressed steel 
frames, pressed steel brake-drums, sheet steel brakebands and pressed 
steel parts of many varieties. It is soft and ductile and will stand 
much deformation without cracking. 

This steel in a natural or annealed condition is of low strength, 
and must not be used where much strength is required. This quality 
of material is considerably stronger after cold drawing or rolling; 
that is, its elastic limit is raised by such working. This is important 
in view of the fact that many wire and sheet metal parts above 
mentioned are used in the cold-rolled or cold-drawn form. 

It must not be forgotten that when this steel (so cold worked) is 
heated, as for bending, brazing, welding, or the like, the elastic 
limit returns to that characteristic of the annealed material. This 
remark also applies to all materials that have an increased elastic limit 
produced by cold working. 

This material in a natural or annealed state does not machine 
freely. It will tear badly in the turning, threading and broaching 
operations. Heat treatment produces but little benefit, and that 
not in strength but in toughness. It is possible to quench this grade 
of steel and put it in a condition to machine better than the annealed 
state. 

The heat treatment which will produce a little stiffness is to quench 
at 1500 deg. Fahr. in oil or water. No drawing is required. 

This steel will case-harden but is not as suitable for this purpose 
as specification 1o—20. 


Physical Characteristics 


Teer Cold rolled or 
cold drawn 
Elastic limit, lbs., per sq. in....... 28,000 40,000 
to to 
36,000 60,000 
Reduction of area................| 55-65 per cent. | 45-55 per cent. 
Elongation in 2ins...............|30-40 per cent. | Unimportant 


SPECIFICATION No. 10—20 


.20 Carbon Steel 


The following composition is desired: 


Carbone ee .15 to .25% (.20% desired) 
Manganese rr reves cayoratroe es aoe .50 to .80% (.65% desired) 
Phosphorus, not to exceed............ 04% 
Sulphur mnotitorexceed ene eee .04% 


This steel is known to the trade as .20 carbon, open-hearth steel, 
and often as machine steel. 

This quality is intended primarily for case-hardening. It forges 
well and machines well, but should not be considered as screw-machine 
stock. It may therefore be used for a very large variety of forged, 
machined and case-hardened parts of an automobile where strength 
is not paramount. 

Steel of this quality may also be drawn into tubes and rolled into 
cold-rolled forms, and, as a matter of fact, makes a better frame than 
specification 10—10, because of the slightly higher carbon and re- 
sulting strength. The increased carbon content has no detrimental 
effect as far as usage is concerned, and it is only the most difficult 
of cold forming operations that cause it to crack during the form- 
ing. For automobile parts it may be safely used interchangeably 
with specification 10—ro, as far as cold pressed shapes are concerned. 

Heat treatment of this steel produces but little change as far as 
strength is concerned, but does cause a desirable refinement of grain 
after forging, and the toughness is materially increased. A simple 
quenching operation from about 1500 deg. Fahr. in oil, is all that is 
necessary. Treatment will often help the machining qualities. 

Case-hardening is the most important treatment for this quality 
of steel. The character of the operation must depend upon the im- 
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portance of the part to be treated and upon the shape and size. 
There is a certain group of parts in an automobile which are not 
called upon to carry much load or withstand any shock. The only 
requirement is hardness. Such parts are fairly illustrated by screws 
and by rod-end pins. The simplest form of case-hardening will 
suffice, viz., heat treatment A below. 

Another class of parts demands the best treatment (heat treatment 
B), such as gears, steering-wheel pivot-pins, cam-rollers, push-rods 
and many similar details of an automobile which the manufacturer 
learns by experience must be not only hard on the exterior surface 
but possess strength as well. The desired treatment is one which first 
refines and strengthens the interior and uncarbonized metal. This 
is then followed by a treatment which refines the exterior, carbonized, 
or high carbon, metal. 

In the case of very important parts, the last drawing operation 
should be continued from one to three hours, to insure the full 
benefit of the operation. 

The objects of drawing are two-fold: First, and not least im- 
portant, is the relieving of all internal strains produced by quench- 
ing;.second, a decrease in hardness, which is sometimes desirable. 
The hardness begins to decrease very materially from 350 deg. Fahr. 
up, and the operation must be controlled as dictated by experience 
with any given part. 

There are certain very important pieces that demand all of these 
operations, but the last drawing operation may be omitted with a 
large number. Experience teaches what degree of hardness and 
toughness combined is necessary for any given part. It is impossible 
to lay down a general rule covering all different uses. If the funda- 
mental principle is well understood, there should be no trouble in 
developing the treatment to a proper degree. 

Following the foregoing treatment, a fractured part should show 
a fine-grained exterior, without any appearance of shiny crystals. 
The smaller the crystals the better. The interior may show a silky, 
fibrous condition or a fine crystalline; but it must not show a 
coarse, shiny, crystalline condition. 


Physical Characteristics 


Pe Cold rolled or | Heat treatment 
| cold drawn C or D 
Elastic limit, lbs. per sq.| 30,000 40,000 40,0001 
in. to to to 
40,000 75,0007 75,000 
Reduction of area......| 45-60% 30-35% 15-60% 
Elongation in 2 ins..... 25-35% | Unimportant 15-35% 


There is little use in giving the physical characteristics of a car- 
bonized steel, inasmuch as any test must be deceptive because of the 
very high carbon exterior case which cracks and fails long before 
the soft and tough interior does. This means that the rupture is 
fragmental and progressive, and misleading. 


SPECIFICATION No. 10—30 
.30 Carbon Steel 


The following composition is desired: 


Carbon.. 25 to .35% (.30% desired) 
Be Siedhcse.. z .50 to .80% (.65% desired) 
Phosphorus, 6G to exceeds, .04 % 
Erni Ot LO CXCCCOs eles) ee eis -njase- 04 % 


1The elastic limit is under contrélin two ways—by choice of quench- 
ing medium (oil, water or brine) and by varying the final drawing temperature. 
In the interpretation of the physical characteristic figures, it must be remem- 
bered that only the minimum figures as to toughness (i.e. ,») reduction and 
elongation) may be expected with the highest degree of strength (i.e., elastic 
limit); and, conversely, that the highest degree of toughness may be expected 
with the lowest elastic limit. This remark applies to all heat treated steels. 
It would be manifestly impossible to obtain the highest percentage of elonga- 
tion and the highest elastic limit on the same specimen. 

2In sections not over } in. round or } in. sheets or flats. 
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This material is sometimes referred to in the trade as .30 carbon 
machine steel. 

It is primarily for use as a structural steel. It forges well, machines 
well and responds to heat treatment in the matter of strength as well 
as toughness; that is to say, intelligent heat treatment will produce 
marked increase in the elastic limit. It may be used for all forg- 
ings such as axles, driving-shafts, steering pivots and other structural 
parts. It is the best all-around structural steel for such use as its 
strength warrants. 

Heat treatment for toughening and strength is of importance with 
this steel. The heat treatment must be modified in accordance with 
the experience of the individual user, to suit the size of the part 
treated and the combination of strength and toughness desired. 
The steel should be heat treated in all cases where reliability is 
important. 

Machining may precede the heat treatment, depending some- 
what upon convenience and the character of the treatment. If the 
highest strength is demanded, a strong quenching medium must be 
employed; for example, brine. In such case, the elastic limit will 
be correspondingly high and the steel correspondingly hard and 
difficult to machine. On the other hand, if a moderately high elastic 
limit is all that is desired, an oil quench will suffice and machining 
may follow without any difficulty whatever. 

Heat treatment C below is the simplest form of heat treatment. 
The drawing operation (No. 3) must be varied to suit each individual 
case. If great toughness and little increased strength are desired, 
the higher drawing temperatures may be used, that is in the neigh- 
borhood of r10o deg. Fahr. to 1200 deg. Fahr. If much strength 
is desired and little toughness, the lower temperatures are available. 
Even the lowest of the temperatures given will produce a quality 
of steel, after oil quenching, that is very tough—sufficiently tough 
for many important parts. In fact, with some parts the drawing 
operation (No. 3) may be entirely omitted. 

Results better than obtainable with the sequence of operations 
of heat treatment C may be obtained by a so-called double treat- 
ment D, which produces a refinement of grain not possible with one 
treatment and is resorted to in parts where extremely good qualities 
are desired. 

This quality of steel is not intended for case-hardening, but by 
careful treatment it may be safely case-hardened. This should be 
in emergencies only, rather than as a regular practice and, if at all, 
only with the double treatment followed by the drawing operation; 
that is, the most painstaking form of case-hardening. 


Physical Characteristics 


Cold rolled or - ee 
Annealed treatment 
cold drawn 
C or D 
Elastic limit, lbs. persq.| 35,000 Not usually 40,000 
in. to worked in to 
45,000 this manner, 80,000 
except for 
wire. 
Reduction of area......| 40-55% 30-60% 
Elongation in 2 ins.....| 20-30% 10-30% 


SPECIFICATION No. 10o—40 


.40 Carbon Steel 


The following composition is desired: 


Carbon.. .35 to .45% (.40% desired) 
Miocene, : ae .50 to .80% (.65% desired) 
Phosphorus, not to ete At ie .04 % 


Sulphur, not Hegre os .04 % 


This material is ordinarily known to the trade as .40 carbon 
machine steel. It represents a structural steel of greater strength 


than specification 1o—30. Its uses are more limited and are con- 
fined in a general way to such parts as demand a high degree of 
strength and a considerable degree of toughness. At the same time, 
with proper heat treatment the fatigue-resisting (endurance) qualities 
are very high—higher than with any of the foregoing specifications. 
This steel is commonly used for crankshafts, driving shafts and 
propeller-shafts. It has also been used for transmission gears, but it 
is not quite hard enough without case-hardening and is not tough 
enough with case-hardening to make safe transmission gears. It 
should not be used for case-hardened parts, except in an emergency. 
Other specifications are decidedly better for this purpose. In a 
properly annealed condition it machines well, but not well enough 
for screw-machine work; but certainly well enough for all-around 
machine-shop practice. The best heat treatment for this quality of 
steel for crankshafts and similar parts is heat treatment E below. 


Physical Characteristics 


Heat 
even) ed treatment E 
Elastic limit, lbs. per sq. in....... 40,000 45,000 
to to 
50,000 100,000 
Reductiontolareaseecsece eaters. 40-50% 25-55% 
ilongatonkin 2einse ape ee ene 20-25% 5-25 % 


SPECIFICATION No. 10-50 
.50 Carbon Steel 


The following composition is desired: 


Carbon.. -45 to .55% (.50% desired) 
Mee ies. 50 to .80% (.65% desired) 
Phosphorus, not to exceed 04% 
Sulphurenot tosexceed sw casi aclses .04% 


This specification differs very little from specification 1to—go. 
Owing to its higher carbon content it is somewhat harder to machine, 
but not seriously. It is also somewhat stronger. It can be used 
for gears with a little better results than the preceding specification. 
The same form of heat treatment may be used, with suitable modi- 
fications to fit individual cases. 


Physical Characteristics 


Rea Heat treat- 
ment i 
Elastic limit, Ibs. per sq. in....... 45,000 50,000 
to to 
60,000 110,000 
Reduction of area ................| 30-40 per cent. | 15-50 per cent. 
Elongation in 2 ins...............| 15-20 per cent.| 5-20 per cent. 


SPECIFICATION No. 10—8o0 


.80 Carbon Steel 
The following composition is desired: 


Carbon.. .75 to .9o% (.80% desired) 
Bi aneenesce .25 to .50% (.35% desired) 
Phosphorus, not to eccerdee 04% 


Sulphur, not WORE ee egse acs .04% 


This quality is ordinarily known to the trade as spring steel. 
Its use generally is for springs of light section. The hardening and 
drawing of springs, that is, the heat treatment of them, is, as a rule, 
in the hands of the springmaker, but in case it is desired to treat, 
as for small springs, heat treatment F below is recommened. It 
must be understood that the higher the drawing temperature (oper- 
ation 3), the lower will be the elastic limit of the material. On the 
other hand, if the material be drawn at too low a temperature, it 
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will be brittle. A few practical trials will locate the best temper for 
any given shape or:size. 

The physical characteristics of heat-treated spring steel are best 
determined by. transverse test. This is because steel as hard as 
tempered spring steel is very difficult to hold firmly in the jaws of a 
tensile testing machine. There is more or less slip, and side strains 
are bound to occur, all of which tend to produce misleading results. 

The physical characteristics in the annealed condition may be 
omitted, inasmuch as this grade of steel is not ordinarily used for 
structural parts in such condition. Careful examination of the 
fracture of the treated material is desirable. After tempering no 
suitable spring steel should be coarsely crystalline. It should be 
finely crystalline, and in some cases should show a partly fibrous 
fracture. 


Physical Characteristics 


(Transverse Test) 


Heat treatment F 


90,000 to 160,000 
Not determined in 
transverse test. 
Not determined in 
transverse test. 


Hlasticulimitsel bss pen ccna ere eee 
Reductionjob-areaaosnaceecc so core eee 


Elongation satctes eke ee eee eee 


SPECIFICATION No. 10—95 


.95 Carbon Steel 


The following composition is desired: 


Carbon.. .9o to 1.05% (.95% desired) 
Manganese .25to .50% (.35% desired) 
Phosphorus, not to Seen 04% 
Sulphur, not to exceed............. .04 % 


This is a grade of steel used generally for springs. Properly heat 
treated, extremely good results are possible. Substantially the same 
remarks apply to this quality of steel as to specification 10—8o. 
It is possible that the quenching temperature (operation 1, heat 
treatment Ff) of the heat treatment may be lowered slightly be- 
cause of the increase in carbon, and it is also probable that the 
drawing temperature (operation 3) will not be the same. 


Physical Characteristics 


The physical characteristics of a tempered spring of this quality 
are substantially those of specification 10o—8o, possibly a little 
higher. The thought will naturally arise as to what is to be gained 
by the use of this material. The answer is that this steel will possess 
a finer grain and endure longer, providing the treatment is suitable; 


also, that with thicker and heavier metal the treatment will pene- | 


trate deeper because of the increased carbon content. It is for this 
reason that this quality of steel should be used for the heavier types 
of springs. 

The same remarks as made in regard to tests and inspection in 
connection with specification ro—8o apply to this steel. 


Screw Stock 


SPECIFICATION No. 11—14 


The following composition is desired: 


Carbon.. .08 to .20% 
Manges : -30 to .80% 
Phosphorus, nae to ARSE. micbidy: .12% 
Sulptiur ieiey,segacs vale dance aay ee ae .06 to .12% 


This steel may be made by any process. It is intended for use 
where high screw-machine production is the important factor, 
strength and toughness being a secondary consideration. 


STEEL 


Steel Castings 


SPECIFICATION No. 12-—35 
The following composition is desired: 
Carbon.. 


.30 to .40% (.35% desired) 
Piarcanese, ; ee .50 to .80% (.65% desired) 
Phosphorus, fot to Br céed.. 05% 
Sulphur, mot toexceed...........:.. 05% 
SH COUMMAMEI EE Lenin cs ae ke ee 110 LO. 530% 


Steel castings may be made by any approved process. Genuine 
steel castings, and not malleable iron or complex mixtures often 
found in the market masquerading under the name of steel, are 
referred to. Genuine steel castings should be annealed and may be 
heat treated to great advantage. A steel casting of the composition 
given in the specification should be so tough as to bend to a con- 
siderable angle before breaking. The elastic limit of such a casting 
in an annealed condition is in the neighborhood of 35,000. lbs. per 
sq. in. 

Like other castings, steel castings are subject to blow-holes. Con- 
sequently, they should not be used in the vital parts of an automo- 
bile. It is impossible to inspect against blow-holes, and steel cast- 
ings for axles, crank-shafts and steering-spindles are used only at 
great risk. The specification has been prepared with the idea of 
furnishing a fair commercial analysis. Freedom from blow-holes 
and proper physical condition are of more importance than the 
absolute analysis. 


Nickel Steels 


In connection with the purchase and use of alloy steels it should 
be borne in mind that such steels should be used in the heat-treated 
condition only, that is, not in an annealed or natural condition. 
In the latter condition there is a slight benefit, perhaps, as compared 
with plain carbon steels, but as a rule nothing commensurate with 
the increased cost. In the heat-treated condition, however, there 
is a very marked improvement in physical characteristics. 


SPECIFICATION No. 23—15 


.15 Carbon, 33 Per cent. Nickel Steel 


The following composition is desired: 


Carbon.. -1o to .20% ( .15% desired) 
Reine .soto .80% ( .65% desired) 
Phocaborus, 1 not to ed 04% 
Seip bir not, LO.exceed «oa. 056s 04 % 


irae eee re ene ee 3 25 6013.75 (6.50% desired) 


This quality of steel is embraced in these specifications to furnish 
a nickel steel that is suitable for carbonizing purposes. Steel of 
this character, properly carbonized and heat treated, will produce a 
part with an exceedingly tough and strong core, coupled with the 
desired high carbon exterior. 

This steel is also available for structural purposes, but is not one 
to be selected for such purpose when ordering materials. Much 
better results will be obtained with one of the other nickel steels of 
higher carbon. It is intended for case-hardening gears, for both 
the bevel driving and transmission systems, and for such other case- 
hardened parts as demand a very tough, strong steel with a hardened 
exterior. 

The case-hardening sequence may be varied considerably, as with 
specification to—20, those parts of relatively small importance re- 
quiring a simpler form of treatment. As a rule, however, those parts 
which require the use of nickel steel require the best type of case- 
hardening, viz: heat treatment G below. 

The second quench (operation 6) must be conducted at the lowest 
possible temperature at which the material will harden. It will 
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be found that sometimes this is lower than 1300 deg. Fahr. In 
connection with certain uses it will be found possible to omit the 
final drawing (operation 7) entirely, but for parts of the highest 
importance this operation should be followed as a safeguard. Parts 
of intricate shape, with sudden changes of thickness, sharp corners 
and the like, should always be drawn, in order to relieve the internal 
strains. 


Physical Characteristics 


Much is to be learned from the character of the fracture. The 
center should be fibrous in appearance, and the exterior, high carbon 
metal closely crystalline, or even silky. When used for structural 
purposes, the physical characteristics will range about as follows: 


Heat treatment 
Annealed ee 
Elastic limit, lbs. per sq. in....... 35,000 40,000 
to to 
45,000 80,000 
Reduction of area................] 45-65 per cent .| 40-65 per cent. 
Elongation in 2 ins..............| 25-35 per cent. | 15-35 per cent. 


SPECIFICATION No. 23—20 


.20 Carbon, 33 Per cent. Nickel Steel 


The following composition is desired: 


Carbon.. .15 to .25% ( .20% desired) 
Micneaneee. .5s0to .80% ( .65% desired) 
Phosphorus, not to teed, .04 % 
Sulphursnotito exceedian ease .04% 


INMOKESGaconoayGosdduscosedocsse Su Oy WS. 75H G.GO% Cesweadl) 


This quality may be used interchangeably with specification No. 
23—15. Although intended primarily for case-hardening, it may 
be properly used for structural parts, with suitable heat treatment, 
and will give elastic limits somewhat higher than material provided 
by the preceding specification. For case-hardening heat treat- 
ment G should be followed, and for structural purposes the treat- 
ment should be in accordance with heat treatment H or K; the 
quenching temperatures, as with other specifications, being modified 
to meet individual cases. 


Physical Characteristics 


‘Heat treatment 
Annealed aoa 
Elastic limit, lbs. per sq. in....... 40,000 50,000 
to to 
50,000 125,000 
Reduction of area................| 40-65 per cent. | 40-65 per cent. 
Hlongationyine2ains yr smerre een 20-30 per cent. | 10-25 per cent. 


SPECIFICATION No. 23—25 


.25 Carbon, 33 Per cent. Nickel Steel 


The following composition is desired: 


Carbon.. .20to .30% ( .25% desired) 
Nine acer .50to .80% ( .65% desired) 
Phosphorus, not to ict Aarts : .04% 
Sulphur) not torexceediaan. ea ask 04% 


INTOKCl earthy ee ante 


This is a quality of steel that may be case-hardened successfully. 
Suitable treatment (G) gives a product that is satisfactory for gears, 
whether of the transmission or rear axle bevel type. The treat- 
ment after carbonizing must be slightly modified to meet the increase 
in carbon content. This is also a useful quality of steel for many 
structural parts, its response to heat treatment (either H or K) being 
most satisfactory. 


3.25 to 3.75% (3.50% desired) 


(ow) 
bo 
(o>) 


Physical Characteristics 


The physical characteristics of this steel may be considered as 
practically those obtained with specification 23—20, slight modifica- 
tions in the treatment much more than offsetting the slight difference 
in the carbon content. 


[Heat treatment 


Annealed Work 
Elastic limit, Ibs. per sq. in....... 40,000 60,000 
to to 
50,000 130,000 
Reduction of area................| 40-60 per cent. | 30-60 per cent. 
Elongation in 2 ins............. | 20-30 per cent. | 10-25 per cent. 


SPECIFICATION No. 23—30 
.30 Carbon, 33 Per cent. Nickel Steel 


The following composition is desired: 


(COIDOMS5on60n cbesseeanencsocccn  eORKO nash ( sao Gesiase) 
Mian San esenre-eeReee tier ee c .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ .04 % 
Sulphur, not to exceed........... .04% 


NICK OD enels(ents == 3x 22 as eelp cies 3225 £0 3.75 %.(3. 09% desired) 


This quality of steel is primarily for heat-treated structural parts 

where strength and toughness are sought; such parts as axles, front- 

_ wheel spindles, crank-shafts, driving-shafts and transmission shafts. 
Wide variations as to elastic limit are possible by the use of different 
quenching mediums—oil, water or brine—and variation in drawing 
temperatures, from 500 deg. Fahr. up to 1200 deg. Fahr. The 
form of treatment is heat treatment H, a higher refinement of which 
is heat treatment K. 

This material may be case-hardened, but is rather high carbon for 
the practice of the average case-hardening department. The lower 
ranges of carbon—in the neighborhood of .25—are satisfactory, 
but the upper ranges—in the neighborhood of .35—approach the 
danger point, and steel of the latter carbon content must be corre- 
spondingly carefully handled. 


Physical Characteristics 


Heat treatment 
Annealed Wor K 
Elastic limit, lbs. per sq. in.......| 45,000 65,000 
to to 
55,000 I 50,000 
Reduction of area................| 35-55 per cent. 25-55 per cent. 
Elongation in 2 ins............. | 15-25 per cent. | 10-25 per cent. 


SPECIFICATION No, 23—35 
.35 Carbon, 33 Per cent. Nickel Steel 
The following composition is desired: 


CARHOR cca oar Eick Mot a ee, 4S EO 40% ( .35% desired) 
Manganese mann ita se ae .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ 04% 
Sulphur, not to exceed........... .04% 


IEE) octets ween oi s10 apace See ne a 25 t0.3 75% (3.50% desired) 


This quality of steel is subject to precisely the same remarks as 
specification 23—30. It will respond a little more sharply to heat 
treatment and can be forced to higher elastic limits. The difference 
will be small except in extreme cases. 


Physical Characteristics 


Heat treatment 
Annealed | Toe 
Elastic limit, Ibs. per sq. in... ... 45,000 | 65,000 
to to 
55,000 160,000 


: | | 
Reduction of area................/ 35-55 per cent. | 25-55 per cent. 


Elongation in 2822s ~- «, 22| 15-28 per cent, | 10-25 per cent. 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


SPECIFICATION No. 23—40 
.40 Carbon 33 Per cent. Nickel Steel 


The following composition is desired: 


Carboneeeeeenet te .35 to .45% ( .40% desired) 
Manganeseane eee .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ .04% 
Sulphur, not to exceed........... .04% 


INGA inpodnoncco oben oeuasnsoonee SoS UO SoH (Beso alesinesl) 


SPECIFICATION No. 23—45 : 

.45 Carbon, 33 Per cent. Nickel Steel 
The following composition is desired: J 
.50% ( .45% desired) 


Carbon tes sccisd as. SoS ee Ae ONLO 
Manganesespeaseeorae ee .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ 04% 

Sulphur, not to exceed............ .04 % 


INTEKRG Geeneocns aonnvcu s0nccc0610 BOOS HO Bo 7% (B. WMH Glestnad) 
Physical Characteristics 
Heat treatment 

Annealed i Gee 

Elastic limit, Ibs. per sq. in....... 55,000 70,000 

to to 

70,000 200,000 
Reduction of area................/ 30-50 per cent. | 15-55 per cent. 
Elongation in 2 ins..............| 15-25 percent. | s5—20 per cent. 


SPECIFICATION No, 23—50 
.50 Carbon, 34 Per cent. Nickel Steel 
The following composition is desired: 


Carbon yc ee Gee ene ey me ACTCO -55% ( .50% desired) 
Mane anescanee ets earn .50to .80% ( .65% desired) 
Phosphorus, not to exceed........ 04% 
Sulphur, not to exceed........... 04% 


Nickel eee cnriiay i 0 anes oe oe 25 COle nO emer A desired) 


The above nickel steels, specifications 23—40, 23—45 and 2 3=550) 
are qualities not in wide use but available for certain purposes. 
The carbon contents being higher than generally used, greater hard- 
ness is obtainable by quenching; and as increased brittleness ac- 
companies the greater hardness, the treatments given must be modi- 
fied to meet such condition. For example, the final quench may be 
at a considerably lower temperature, and the final drawing tempera- 
ture, or partial annealing, must be carefully chosen, in order to pro- 
duce the desired toughness and other physical characteristics. 

The strength of these steels, as with specifications 23—25, 23—30 
and 23—35, depends upon the treatment and may be controlled closely 
over a wide range. The degree of brittleness must be carefully 
watched and guarded against. Proper treatment will yield very 
strong and tough steel; not as tough as specifications 23—25, 23—30 
and 23—25, but nevertheless tough enough to fill a number of needs. 


Nickel Chromium Steels 


These classes of alloy steel are important. There are three types 
in common use. The difference between these types consists in 
the amount of alloying elements present. The types may be classi- 
fied as low nickel-, medium nickel-, and high nickel-chromium steels, 
viz., class 31—, 32— and 33—, as given in the foregoing specifica- 
tions. In general it may be said that the heat treatments and the 
properties induced thereby are much the same as in the case of plain 
nickel steels, except that the effects of the heat treatments are some- 
what augmented by the presence of the chromium, and further that 
these effects increase in these three types with increasing amounts 
of nickel and chromium. 
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SPECIFICATION No. 31—15 
.15 Carbon, Low Nickel Chromium Steel 
The Ss composition is desired: 
Carbon.. 


-Ioto .20% (.15% desired) 
Mier peneses, ae pares .50to .80% (.65% desired) 
Phosphorus, not to erceed Sear e .04% 
Sulphur, not to exceed........... 04% 


INMOK Chee se gu Meise Us ben ues  ECOO £6 1.50% 
(CIMAOHAMD I Gages oc uae poco oe eeGee | ASKIN! SRA 


SPECIFICATION No. 31—20 
.20 Carbon, Low Nickel Chromium Steel 
The ereae composition is desired: 


Carbon.. : -I5 to .25% (.20% desired) 
Wieeanese. See at soto .80% (.65% desired) 
Phosphorus, not to fevceed?, wre -04% 

Sulphur, not to exceed........... 04% 

INDIE css Ones ehes. Ok a eee 


I.00 to 1.50% 


SERORAUING Ca cceeisidsr can ccensura <g000 «75% 


SPECIFICATION No. 31—25 
.25 Carbon, Low Nickel Chromium Steel 
The als composition is desired: 


Carbon.. 20to .30% (.25% desired) 
Wemsanese. ere ae soto .80% (.65% desired) 
ie nhores.1 not to exceed Seniesa 04% 
Sulphur, not to exceed........... 04% 
BNIGRG) Wark myatiensics imate aoMmaanns an 4 I.00 to 1.50% 


CHEOMIMNM acc. die ater SSOtO: 75% 


SPECIFICATION No. 31—30 
.30 Carbon, Low Nickel Chromium Steel 
The following composition is desired: 


Carbon.. .25to .35% (.30% desired) 
eee. .50to .80% (.65% desired) 
Phosphorus, not to Pee a .04% 
mitpnur, notto exceed oy... 4... <: .04 % 
RR GRG Perec) Seeds sists os Sw eae rer Ls OO. COLE. SO% 
ShGiitiner oe eae sa cis Se SOLO Le 


SPECIFICATION No. 31—35 
.35 Carbon, Low Nickel Chromium Steel 
The following composition is desired: 


Carbon.. .30to .40% (.35% desired) 
Re eeinsse : a .50to .80% (.65% desired) 
Phosphorus, not to eae ee 04% 
Balphur, notte exceed. ......-..: 04% 
erence Meme Tee rakes scares, La00 tOLl<50% 
SRO aac sae cas: ae le. BOLO. 375% 


SPECIFICATION NO. 31—40 
.40 Carbon, Low Nickel Chromium Steel 
The following composition is desired: 


Carbon.. .35 to .45% (.40% desired) 
We bencse. ; : .50to .80% (.65% desired) 
Eee haras. not to eed aes -04% 
Spin. MOL LOLeEXCeed. 5... - «a. ser 04% 
INGE! wate ee Pitan «nate 00 LO T1507, 
(HrOMUIe eae ar ee bis we oes a GOILOy 4.75% 


SPECIFICATION No. 31—45 
.45 Carbon, Low Nickel Chromium Steel 
The following composition is desired: 


Carbon.. .40to .50%(.45% desired) 
Bier nese : .50to .80%(.65% desired) 
Phosphorus, mot to cece. Be .04% 
Sulphur, not to exceed. . rites 24 04% 
eho on ue is xt00 18 1.50% 
Ciriani, Gesgeus abcote ocooresue SEee ayinu™ 


SPECIFICATION No. 31—5o0 
.50 Carbon, Low Nickel Chromium Steel 
Haire estan composition is desired: 


Carbon.. ee ere ee Sato men Son GrsOuendesined) 
ORDA. ae .50 to .80% (.65% desired) 
Phosphorus, not to Sree, eee .04% 
Sulphur, not toexceed............ .04 % 
INGO Eo sd oatan oo wane ad eee ond BE clo Oe MOIGE OIA 


C@hromiumeaseee ee BO) COME 5370 


Substantially the same remarks apply to these various types as 
apply to nickel steels. In other words, the carbon content may be 
varied from the lowest to the highest, depending upon the physical 
qualities sought. The physical characteristics obtainable will vary 
with the carbon, and the heat treatment must be chosen accordingly. 

Specifications 31—15 and 31—20 (.15 and .20 carbon) are in- 
tended primarily for case-hardening (heat treatment G). These 
steels ought not be used in the natural condition, but if desired 
may be used for structural purposes, in which case heat treatments 
H and K are recommended. 

Specifications 31—25, 31—30, 31—35, 31—40 (.25 to .40 carbon) 
are intended primarily for structural purposes in a heat-treated con- 
dition (heat treatments H and K). Specification 31—25 may be 
used for case-hardening, as also may specification 31—30 if necessary. 

Specifications 31—45, 31—5o0 (.45 and .50 carbon) may be used for 
gears and other structural parts where a high degree of strength 
and hardness are demanded and where toughness is not of first im- 
portance. Heat treatment K is recommended for such parts, the 
final drawing (operation 5) being carried out at 250-550 deg. Fahr., or 
at such temperature as will give the desired physical characteristics. 


Physical Characteristics 
Specifications 31—15, 31—20 


Heat treatment 
Annealed 
ee Hor Kk 
Elastic limit, lbs. per sq. in....... 30,000 40,000 
to to 
40,000 100,000 
Reduction of area... sc. se sen | 405515 per cent | 40-05 percent. 


Mlongation ims inSa. sss es 2535 Decent Ls —ocpek cent 


Specifications 31—25, 31—30 

: ‘Heat treatment 

eale e 

Annealed Hor K 

Elastic limit, Ibs. per sq. in....... 40,000 50,000 

to to 

55,000 125,000 
Reductioniottarear aes secre | 35-50 per cent. | 25—55 per cent. 
Elongation in 2 ins..............| 20-30 per cent. | 10-25 per cent. 


Specifications QBs AS 


re) 


Heat treatment 
Annealed FL Ge 
Plastic limit, Ibs; per sq. in... ... 45,000 55,000 
to to 
| 60,000 I50,000 
Reduction Cleaned yee tee ier Ord) Dek: CEN tn t5— SO npemicents 
Hlongatonwn onnS aaa ere hS = 25) Der Cental ms—-20mpen cent. 


Specifications 31—45, 3I—50 


Heat treatment 
Annealed Hor K 
Elastic limit, Ibs. per sq. in....... 55,000 60,000 
to to 
70, 000 175,000 
Reduction of area...............-| 30-50 per cent. | 20-45 per cent. 
Hlonsation Ine ims. sara ana cl D5e25spen Cental 5.15 Der cent. 


(oe) 
bo 
16/4) 


Medium Nickel Chromium Steels 
It will be noted that this type of nickel chromium steel is of the 
same composition as the preceding type, except that it contains 
more nickel and more chromium. The physical characteristics are 
omitted for the reason that results will be obtained that are inter- 
mediate the low nickel chromium alloys and the high nickel chromium 


alloys. 


SPECIFICATION No. 32—I5 
.15 Carbon, Medium Nickel Chromium Steel 


The following composition is desired: 


Carbon.. Io to .20% ( .15% desired) 
Wireianese: .30to .60% ( .45% desired) 
phosphorus: not to exceed: .04% 
Sulphurmottolexceedssemes ae 04% 


1.50 to 2.00% (1.75% desired) 
78 tor.25% ( .75% desired) 


Nickels sncee A ear oniaees meee 

(Chromaimieey. er eres eee 
SPECIFICATION No. 32—20 

.20 Carbon, Medium Nickel Chromium Steel 


The aie composition is desired: 


Carbon.. .I5 to .25% ( .20% desired) 
Mianeanese., .30 to .60% ( .45% desired) 
Phosphorus, not to siceod -04% 
Sulphurwnot to exceedsassoss sss 04% 


1.50 to 2.00% (1.75% desired) 
.75 to 1.25% (1.00% desired) 


INGLGS la 55 a Sea OR RNa oe cae BRO Eee 
@hromimmee eee ee Coleen 


SPECIFICATION No. 32—25 


.25 Carbon, Medium Nickel Chromium Steel 
The following composition is desired: 


Carbon. .20t0 .30% ( .25% desired) 
Rie aneses. .30to .60% ( .45% desired) 
Phosphorus, not to ele 04% 
Sulphur, not to exceed. . 04% 


I.50 to 2.00% (1.75% desired) 
.75 t0 1.25% (1.00% desired) 


INTRO Saaaeaae epee as Ree eee 
@hromiwmMer esis See RA 


SPECIFICATION No. 32—30 
.30 Carbon, Medium Nickel Chromium Steel 
The following composition is desired: 


Carbon.. .25to .35% ( .30% desired) 
Madwanese. .30to .60% ( .45% desired) 
Phosphorus, not to ese .04 % 
Sulphur, not to exceed........... 4% 


1.50 to 2.00% (1.75% desired) 
.75 to 1.25% (1.00% desired) 


INGGkel Rrra) tone cate ais. eee 
@hromiline eee eee os 


SPECIFICATION NO. 32—35 


.35 Carbon, Medium Nickel Chromium Steel 
The following composition is desired: 


Carbon.. .30to .40% ( .35% desired) 
Mino ances .30to .60% ( .45% desired) 
Phosphorus, not to erceed .04% 
Sulphur, not to exceed........... .04% 


1.50 to 2.00% (1.75% desired) 
.75 to 1.25% (1.00% desired) 


Nie G lexis pacity oe ott te oer ee ae 
G@hromarumisencicescee y aertacweeees 


SPECIFICATION No. 32—40 
.40 Carbon, Medium Nickel Chromium Steel 
The following composition is desired: 


Carbon.. .35 to .45% ( .40% desired) 
cane, PANE .30to .60% ( .45% desired) 
Phosphorus, not to sesh 04% 
SU pintiemnOL bOLeXCeEed a): « ce eee .04 % 


INSTAGENS aie Gme Be 68 See eee 
MPLITONIUTN Se eon aiiccetee ie cn cewek 


1.50 to 2.00% (1.75% desired) 
.75 to 1.25% (1.00% desired) 
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SPECIFICATION No. 32—45 
.45 Carbon, Medium Nickel Chromium Steel 
The following composition is desired: 
.50% ( .45% desired) 
60% ( .45% desired) 


.04% 
.04% 


.40 to 
.30 to 


Carbon ig Gancse ne Sect natet: 
Manganese ....... 

Phosphorus, not to eee 
Sulphuminottonexceedmen renee 


ING egooosss sccnesosuncceban MKOWO DC (i. GSH Gasitaal) 
(ClvROVsTNIDING SAGho coo soenasssonoos of WO 1. 2% (A .CO% aiesuaal) 


SPECIFICATION No. 32—50 
.50 Carbon, Medium Nickel Chromium Steel 


The following composition is desired: 


Carbon.. 45 to .55% ( .50% desired) 
Mangances .30to .60% ( .45% desired) 
Phosphorus, not to coo 04 % 
Sulphur, not to exceed..........- -04 % 


1.50 to 2.00% (1.75% desired) 
.75 to 1.25% (1.00% desired) 


INTC eee cen: Bee nea ae ee ere 
Chromiuméyasn cee ote wie 


High Nickel Chromium Steels 


These steels differ from the two preceding types (31— and 32—) 
in the fact that they contain still more nickel and chromium. At- 
tention is called to the fact that there will be some difference noted 
between the high nickel chromium and the medium.nickel chrom- 
ium heat treatments. It will be found that the possible ranges of 
treatment will differ slightly; also that the resulting physical char- 
acteristics will vary correspondingly. Annealing before machining 
will be found necessary for all carbons. The higher percentages 
of alloy elements make machining in a natural condition difficult. 


SPECIFICATION No. 33—15 
.15 Carbon, High Nickel Chromium Steel 


The following composition is desired: 


Carbon.. .Ioto .20% ( .15% desired) 
Maneaneses .30to .60% ( .45% desired) 
Phosphorus, ahi to ee 04% 
Sulphurnottorexceedin yas eee .04% 
INGO RSS Goacoope gos GogboosSso oe SOMOS. 7S (8.50% Gesinaél) 


Chromium..... . 1.25 to 1.75% (1.50% desired) 


This quality of steel is intended primarily for case-hardening 
(heat treatment L). It may also be used for structural purposes, 
but is not first choice for such purposes. 

SPECIFICATION No. 33—20 
.20 Carbon, High Nickel Chromium Steel 


The following composition is desired: 


Carbon, 15% to .25% ( .20% desired) 
Winieanete” : .30% to .60% ( .45% desired) 
cheno not to eneeeds 04% 
Sulphur not torexceedaeseemeer 04% 


INSClee lee aac eer eee are erence 
Chromite sae cee ee 


3.25% to 3.75% (3.50% desired) 
1.25% to1.75% (1.50% desired) 


This quality of steel is also intended primarily for case-hardened 
parts, and when so used demands the most careful treatment (heat 
treatment L). It may also be used for structural purposes, but, as 
with other alloys, there is little gain over carbon steel unless it be 
used in a properly heat-treated condition. The heat treatment is 
substantially the same sequence of operations as apply to other 
chrome nickel steels dealt with herein, with such modifications as 
may be determined by practical experiment. 


STEEL 


Physical Characteristics 


Heat treatment 
Annealed Verees 
Elastic limits, lbs. per sq. in...... 40,000 50,000 
to to 
50,000 125,000 
Reduction of area................| 45-60 per cent. | 30-65 per cent. 
Elongation in 2 ins...... 20-25 per cent.| 5-20 per cent. 


SPECIFICATION No. 33—25 
.25 Carbon, High Nickel Chromium Steel 
The following composition is desired: 


Carbon.. .20to0 .30% ( .25% desired) 
Pisa anese.., ; .30to .60% ( .45% desired) 
Phosphorus, not to See .04% 
Sulphur, not to exceed........... .04% 
PICK Cine itches saree Seas tONs ae (3.80%, desired) 
SSN MOMIU Ma nee se a tsiaices a wnen 6 Das) tO eee. (1.50% desired) 


This quality of chrome nickel steel is intermediate between that 
preferred for case-hardening (specification 33—20) and the next 
higher quality (specification 33—30) for heat-treated structural 
parts. With the case-hardening treatment (heat treatment L) 
there may be slight modifications necessary. When properly heat 
treated this steel will answer for many structural parts. Heat 
treatments M and P are recommended, P being a higher refinement 
of M. 


Physical Characteristics 


| Annealed | Ese 
Elastic limit, lbs. per sq. in... ....| 40,000 60,000 
to to 
50,000 140,000 
Reduction of area..............--| 45-00 per cent.||'30-65 per cent. 
Migneation IM.24inSa,). 4)... -.- || 20-25 per cent. || 5—20 per cent. 


SPECIFICATION No. 33—30 
.30 Carbon, High Nickel Chromium Steel 


The following composition is desired: 


© Carbon. . 125 to .35% ( .30% desired) 
Diaayancse. . .30to .60% ( .45% desired) 
Phesphorus, not to eet .04 % 
SUNT NOt LOVES COCO ny. x airs wee cio ¢ 04% 


icicle ee re ee ae 8. 251013. 7.505 (355074 desired) 
Sn roniuin see ee ee te tlk 750 (509) desired) 


This grade of nickel chromium steel is intended primarily for struc- 
tural parts of the most important character; and should always be 
heat treated. It is suitable for crank-shafts, axles, spindles, drive- 
shafts, transmission shafts and, in fact, the most important structural 
parts of cars. The heat treatment recommended is the same as in 
the case of specification 3325. This steel is not intended for case- 
hardening. If case-hardening be attempted, the highest degree of 
care must be exercised. 


Physical Characteristics 


Heat treatment 
Annealed EA 
Elastic limit, lbs. per sq. in.......| 45,000 60,000 
| to to 
55,000 175,000 
Reduction of area...............-) 40-55 per cent. | 30-60 per cent. 
Elongation in 2 ins..............| 15-25 percent.| 5-30 per cent. 
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SPECIFICATION No. 33—35 


.35 Carbon, High Nickel Chromium Steel 
The ean composition is desired: 


Carbon.. .30to .40% ( .35% desired) 
Wianeonees me .30to .60% ( .45% desired) 
Phosphorus, not to exceede 04% 
Sulphur, not to exceed........... .04% 


INTERCOM r er eye en Me re 
Chromiumtese ne see eae ee 


3.25 to 3.75% (3.50% desired) 
1.25 to 1.75% (1.50% desired) 


Substantially the same remarks apply to this specification as apply 
to specification 3330. The carbon content is but five points higher, 
and the physical characteristics, either annealed or otherwise heat 
treated, will not differ materially from those given for specification 
3330, and are repeated below. ‘This quality should not be used for 
case-hardening. 


Physical Characteristics 


Heat treatment 
Annealed ‘M orP 
Elastic limit, lbs. per sq. in.......? 45,000 60,000 
to to 
55,000 175,000 
Reduction of area................] 40-55 per cent. | 30-60 per cent. 
Elongation in 2 ins..............| 15-25 per cent. | 5—20 per cent. 


SPECIFICATION No. 33—40 


.40 Carbon, High Nickel Chromium Steel 
The ape: composition is desired: 


Carbon.. .35 to .45% ( .40% desired) 
hicneuneee .30to .60% ( .45% desired) 
Phosphorus, not to cca 04% 
Sulphuninotetorexceedieeer a errer .04 % 


INC Kel tps ie stasis teas . 3.25 to 3.75% (3.50% desired) 
Chromiumeree ss ee oer ne Lal Onunine/ om ( bers Ov pucesined)) 


This quality of steel is suitable for structural parts where unusual 
strength is demanded. Higher elastic limit is possible under a given 
treatment than with material like specifications 3330 or 33—35. 
The toughness will not be quite as great, but this does not bar the 
material from uses where toughness is not the controlling factor 
and where strength is. Heat treatment P is recommended. This 
steel should be thoroughly annealed for machining. This quality 
of steel should not be case-hardened. 


Physical Characteristics 


ineeaiad Heat treatment 
IP. 
Elastic limit, Ibs. per sq. in<...... 50,000 65,000 
to to 
60,000 200,000 
Reduction of area................| 40-50 per cent. | 20-50 per cent. 
Blongationiine2 insapee eine hoe 5 percent. i=2—t Smercents 


SPECIFICATION No. 33—45 


.45 Carbon, High Nickel Chromium Steel 
The following composition is desired: 


(Geos SAS cao sons corbosdondo cas eOUG Goh IC a4 clasigsel) 
Manganese. . .30to .60% ( .45% desired) 
Phosphorus, not to extedd .04% 
Sul plume otmorexceedaeen ian mat: 04% 
INGE, sooaconnnn@@nonvoscananen SOR HO BTR (Gu. G04 Cosine) 


(Cum Acton nsoonasooRasuen LAG UO (Go% Glasinxal) 


The use of this steel is largely for gears, where extreme strength and 
hardness are necessary. The carbon is sufficiently high to cause the 
material, in the presence of chromium and nickel, to become hard 
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enough to make a good gear when quenched, without case-hardening 
(carbonizing). 

This steel is difficult to forge. During the forging operation it 
should be kept at a thoroughly plastic heat and not hammered or 
worked after dropping to ordinary forging temperatures as cracking 
is liable to follow. The steel also becomes so very hard as to forge 
with great difficulty. On the other hand, too high a temperature 
is not advisable, as the steel becomes red-short and breaks. In 
brief, the forging temperature limits are narrow and this steel must 
be reheated more frequently than any of the other steels dealt with 
in this report. To heat treat for gears, use heat treatment Q. This 
steel should be thoroughly annealed for machining—operations 1 
and 2. 

The final drawing operation must be conducted at a heat which 
will produce the proper degree of hardness. The desired Brinell 
hardness for a gear is between 430 and 470, the corresponding Shore 
hardness being from 75 to 85. This quality of steel should not be 
case-hardened. 


Physical Characteristics 


| Me ice Heat eae 
Elastic limit, Ibs. per squim.....<. 50,000 150,000 
to to 
60,000 250,000 
Reduction of area................ 40-50 per cent. | 15-25 per cent. 
Elongation in 2 ins..............| 15-25 percent.| 2-15 percent. 


Nickel Chromium Vanadium Steels 


Attention is called to the fact that there is already in use a new series 
of steels corresponding to the class of specifications 31— and 32—, 
but with the addition of vanadium (the proportions of the other ele- 
ments remaining unchanged). The amount of vanadium to be speci- 
fied should be ‘‘not less than .12 per cent. (.18 per cent. desired).” 
As in the case of the chromium vanadium steels of class 60—, herein 
specified, the effect of this vanadium content is to increase the elastic 
limit without appreciably reducing the ductility. The vanadium 
also increases the fatigue-resisting (endurance) qualities of the steels. 
The heat treatments and remarks as to application for this class of 
steels are essentially the same as for classes 31— and 32—. The 
physical characteristics obtained are very similar. 


Chromium Steels 


The use of this type of steel is restricted almost entirely to ball and 
roller bearings. The physical characteristic most desired is extreme 
hardness. As the automobile manufacturer rarely works this quality 
of steel, no farther remarks are given here. 


SPECIFICATION No. 51—95 


.95 Carbon, 1 Per cent. Chromium Steel 
The following Se is desired: 


Carbon. .go to 1.05% (.95% desired) 
iioneanese -20 to -.45% 
Phosphorus, not to Loni. .03 % 
Sulp ruin OLitorexceed sysname .03% 


Ghromiumereees ese. oe .90 to 1.10% (1.00% desired) 


SPECIFICATION No. 51—120 


1.20 Carbon, 1 Per cent. Chromium Steel 
The following composition is desired: 


Carbon. 1.10 to 1.30% (1.20% desired) 
Ring nese, here sare 2201tON5. 7, 
Phosphorus, not to Seek .03% 
sulphur, not to exceed........... 03% 


CRG 5 pore ee sis ae 19040 1.10%. (1.00% desired) 
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SPECIFICATION No. 52—95 
.95 Carbon, 1.20 Chromium Steel 
The ee composition is desired: 


Carbon.. .go to 1.05% (.95% desired) 
Maneunee .20to .45% 
Phosphorus, not to eee. COBY, 
Sul phimemotitorexceedanwe eens .03% 


1.10 to 1.30% (1.20% desired) 
SPECIFICATION No. 52—120 
1.20 Carbon, 1.20 Chromium Steel . 
The following composition is desired: 


Chromium eaten Peet oe. eer 


Carbon.. 1.10 to 1.30% (1.20% desired) 
Maweanesee: ; .20to .45% 
Phosphorus, noe to eh .03% 
SUlpPRUTenOltOleXCecd anne Eee .03% 


Oot 1.10 to 1.30% (1.20% desired) 
Chromium Vanadium Steels 
SPECIFICATION No. 61—15 

-I5 Carbon, Chromium Vanadium Steel 

The following composition is desired: 


Chromium.. 


CEN anoocedagunsbosceousanss alee Wo, (5% Glesieal) 
Mian caneseaen eter as 50to .80% (.65% desired) 
Phosphorus, not to exceed........ -04% 
Sulphur, not to exceed........ Brae .04% 
Chromium... .70 to 1.10% (.90% desired) 


Vanadium, not ‘less ‘thins .12% (.18% desired) 


Chromium carbon steel containing small amounts of vanadium 
has found much usage in automobile parts, particularly springs, 
axles, driving-shafts and gears. It is used interchangeably with 
carbon steel, nickel steel and nickel chromium steel. 


Specification 61—15 is provided in these specifications to furnish a. 


quality that is highly suitable for carbonizing purposes, such as gears 
and case-hardened parts of importance. Properly treated parts of 
this quality will be found to possess an extremely high degree of 
strength and toughness. This steel is also available for structural 
purposes, but should not bé selected for such purpose when ordering 
materials. Better results are obtainable from some of the other 
qualities to be mentioned. The treatment recommended for case- 
hardening is heat treatment S. 

The high initial quenching temperature of this steel is noteworthy, 
that is, something a little over 1600 deg. Fahr. This feature is differ- 
ent from other steels referred to in this report and characteristic of 
chromium vanadium steel. The heat for second quench (operation 
5) should be conducted at the lowest possible temperature that will 
harden the exterior carbonized surface. Practical experiment will 
develop the best temperature for local conditions in any hardening 
room. 


Physical Characteristics 


Heat treatment 


iP 

Elastic limit, Ibs. per sq. in....... 35,000 50,000 
to to 

45,000 90,000 


Reduetion ofareasen eens 
Wlongationsinesinc ae 


50-70 per cent. 
.| 25-30 per cent. 


40-70 per cent. 
10-25 per cent. 


SPECIFICATION No. 61—20 


.20 Carbon, Chromium Vanadium Steel 
The following composition is desired: 


Carbon. .15 to .25% (.20% desired) 
Maneonece & .50to .80% (.65% desired) 
Phosphorus, not to ea .04% 
Sulphur, not to exceed............ OLY, 
Chromium.. .70 to 1.10% (.90% desired) 


Vanadium, Wet ee nee .12% (.18% desired) 


| 
| 


| 


STEEL 


This quality is also primarily for case-hardening. It is used for 
the most important case-hardened parts; that is, case-hardened 
shafts, gears and the like. It may also be used in a heat-treated 
condition for structural purposes, but for such work some of the 
specifications following are to be preferred, particularly where higher 
strength is desired. The case-hardening treatment recommended is 
that covered by heat treatment S. For structural purpose heat 
treatment T is recommended. 


Physical Characteristics 


aomeat ad Heat treatment 
IE 
Elastic limit, lbs. per sq. in....... 40,000 55,000 
to to 
50,000 100,000 
Reduction: Of ATCA cc.ca sac cee 0: . 50-65 per cent. 45-65 per cent. 
Elongation in 2 ins..............| 20-30 per cent. | 10-25 per cent. 


SPECIFICATION No. 61—25 


.25 Carbon, Chromium Vanadium Steel 
The ade composition is desired: 


Carbon.. .20to0 .30% (.25% desired) 
Meicacesc.. .50to .80% (.65% desired) 
Phosphorus, not to Aare ge .04% 
Sulphur, not to exceed........... 04% 
Chromium.. , .. 170 to 1.10% (.90% desired) 
Vanadium, not Pies han .12% (.18% desired) 


The difference between this and the preceding specification is very 
slight and they may be used interchangeably for structural purposes. 
This steel may be case-hardened but it should not be first choice for 
such parts. The physical characteristics may be considered as prac- 
tically the same as given for specification 61—20. 


Physical Characteristics 


Heat treatment 
; Annealed | T 
Blasticlimit, Ibs. per sq- ine... :...| 40,000 | 55,000 
to to 
50,000 | 100,000 
Redirection ordrea.... 1.5.1... +. +} 50-05 percent. | 45-65 per cent. 


Hlonsation in 2ins..c..:........| 20-30 per cent. | 10-25 per cent. 


SPECIFICATION No. 61—30 
.30 Carbon, Chromium Vanadium Steel 
The following composition is desired: 


Carbon.. .25to .35% (.30% desired) 
biemaess.. soto .80% (.65% desired) 
Phosphorus, not to ee .04% 
Sulphur, not to exceed... 0005 « ‘ 04% 
Chromium.. o: .70 to1.10% (.90% desired) 
Vanadium, not Pics oe. .12% (.18% desired) 


This quality of steel is intermediate in the carbon range and may 
be used interchangeably with specification 61—25 for structural 
purposes. It should not be used for case-hardening. When treated 
as recommended by heat treatment T it possesses a high degree of 
combined strength and toughness. 


Physical Characteristics 


etienicd ‘Heat treatment 
if 
Elastic limit, lbs. per sq. in.......| 45,000 60,000 
to to 
55,000 150,000 
Reduction of areéay.......-5-- +... - | 50-00 per cent. | 25—55 per cent. 
Mon caploneiin2 ANS se aie «eae 20-25 percent.| 5-15 percent. 
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SPECIFICATION No. 61—35 
.35 Carbon, Chromium Vanadium Steel 
The pig composition is desired: 


Carbon.. .30to .40% (.35% desired) 
Manganese = .50to .80% (.65% desired) 
Phosphorus, not to aa 04% 
Sulphur, not tovexceeds..-ss+c-. -- 04% 
Chromium... bie ; .70to 1.10% (.90% desired) 
Vanadium, not ‘less Hees .12% (.18% desired) 


This specification provides a first-rate quality of steel for structural 
parts that are to be heat treated. The fatigue-resisting (endurance) 
qualities of this material are excellent, which, of course, is to be 
expected in view of the high degree of refinement of grain resulting 
from heat treatment. 


Physical Characteristics 


OAR Heat treatment 
I 
Elastic limit, lbs. per sq. in....... 45,000 60,000 
to to 
55,000 150,000 
Reduction of area................| 50-60 per cent. | 25-55 per cent. 
Elongation in 2 ins..............| 20-25 percent.| 5-15 per cent. 


SPECIFICATION No. 61—40 
.40 Carbon, Chromium Vanadium Steel 
The Sali composition is desired: 


Carbon. .35to .45% (.40%-desired) 
plencenccen: .50to .80% (.65% desired) 
Phosphorus, not to eect 04% 
Sulphur, not to exceed........... 04% 
Chromium.. be ne .70to 1.10% (.90% desired) 
Vanadium, net less none .12% (.18% desired) 


This is a very good quality of steel to be selected where a high de- 
gree of strength is desired, coupled with a good measure of toughness. 
Its fatigue-resisting qualities are very high, and it is a first-class 
material for high-duty shafts. Heat treatment T is recommended. 


Physical Characteristics 


Pee be ‘Heat treatment 
T 
Klastic limitwlbss persdedlieessaaa 50,000 65,000 
to to 
60,000 175,000 
Reduction of aréac...5...+. +. «+. |/45—55 pet cent. | 15-50) per cent. 
Elongation in 2 ins..............| 15-25 percent.| 2-15 per cent. 


SPECIFICATION No. 61—45 
.45 Carbon, Chromium Vanadium Steel 
The following composition is desired: 


Carbon.. .40to .50% (.45% desired) 
Mteece .50to .80% (.65% desired) 
Phosphorus, not to pees) 04% 
Sulpnurenot torex ceed arr eye .04% 
Chromium.. : ; .70 to 1.10% (.90% desired) 
Vanadium, not ice ecm .12% (.18% desired) 


This quality of steel contains sufficient carbon in combination with 
chromium and vanadium to harden to a considerable degree when 
quenched at a proper temperature, and may be used for gears and 
springs. For structural parts where exceedingly high strength is 
desirable, heat treatment ZT should be followed. For gears this 
steel should be annealed after forging, this anneal to consist of opera- 
tions 1 and 2 of heat treatment U. 

The last drawing operation may be modified to obtain any desired 
hardness. 


Oo 
(ow) 
bo 


Physical Characterictics PAS: 


|Heat treatment 
Annealed | 
U 
Blastic limit, Ibs. per sq. inw... ... 55,000 150,000 
to to 
65,000 200,000 
Reduction of area......... 40+...) 40-55 per cent. | 10-25 percent. 
Btongation anu2 ins...) 44-7. ol £5225 Pel Cent. | 2—To percent. 


SPECIFICATION No. 61—50 
.50 Carbon, Chromium Vanadium Steel 
The following composition is desired: 


CAPM oacseosaccsocagdenemosnce ot SEG (9o% cesta) 
Man canesenn ee he cto cortn te eee soto .80% (.65% desired) 
Phosphorus, not to exceed......... 04% 
Sul puUdiIni Ob torexcecdan eerie 04% 


.70 to 1.10% (.90% desired) 
.12% (.18% desired) 


(Chmonaamipeccre ty. 5 ences 
Wanadium= not lessithan. ne... 


Substantially the same remarks as made in regard to specification 
61—45 apply to this quality. In this grade, however, we also find a 
material that is suitable for springs. With a proper sequence of 
heating, quenching and drawing, very high elastic limits are obtained. 
For spring material heat treatment U is recommended, except that 
the last drawing (operation 5) will be carried farther—probably from 
500-900 deg. Fahr. This final drawing temperature will have to 
vary with the section of material being handled, whether light spiral 
springs or heavy flat springs. 


Physical Characteristics 


‘Heat treatment 


Annealed U 
Elastic limit, lbs. per sq. in....... 60,000 150,000 
to to 
70,000 225,000 
Rduction of area................| 35-50 per cent. | 15-35 per cent. 
Elongation in 2 ins..............| 15-20 percent.| 2-10 per cent. 


Silico-Manganese Steel 


This steel stands in a class by itself. It has been more or less 
standardized by usage as a spring steel. It is also used somewhat 


for gears. All parts made of this steel should be heat treated. 


SPECIFICATION No. 92—so 
Silico-Manganese Steel 
The following composition is desired: 


-55% ( .50% desired) 


Canon ana eee ee BAS LO 
IMMERSES cou ga ceesunendaagess ofOUO Gees (C jGinG% velssunae)) 
Silicomeeees see 1.50 to 2.00% (1.75% desired) 


.04% 
.04% 


Phosphorus, not to exceed......... 
SulpiunenOt Lorexcecd ena ceer 


For structural parts the treatment should be heat treatment V. 

Suitable temperatures for any given thickness of piece, and the 
character of the quenching medium must be determined experi- 
mentally. When used for springs this material may be treated as 
above, with proper modification as to drawing temperature, with the 
probability that 800 deg. Fahr. as a drawing temperature will give 
about the proper characteristics. 


Physical Characteristics 


Aeecied (alee treatment 
. | Ea 
Elastic limit, lbs. per sq. in... ....| 55,000 60,000 
| to to 
| 65,000 180,000 
IWEGUCHON Ob ATCA. .tscc 8a. a 30-45 per cent. | ro-40 per cent. 


. Elongation in 2 ins..............| 20-25 per cent. 


5-20 per cent. 
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Valve Metals 


These materials are high nickel valve metals. They do not respond 
to heat treatment. The best that can be done with them is to treat 
for the purpose of securing uniformity of condition, by annealing or 
quenching at ordinary temperatures (1500 deg. Fahr. or thereabouts). 
Change of strength or ductility cannot be expected to any commercial 
degree. 


SPECIFICATION No. 296— 


Valve Metal No. 1 
This metal shall contain not less than 96 per cent. of nickel. 


This material shall be malleable. 


SPECIFICATION No. 230— 


Valve Metal No. 2 
This metal shall contain: 


. 50 per cent: 
1.50 per cent. 


Carbonnotovichere nist e er 
Manganese snot Oveneeeeeientnn 
LANSING, WO CUO so cooaes sos oe .04 per cent. 
SUI OWI, TOU ONOPooueno: nas vesnene .04 per cent. 
INTECKE mom aac ene meee »..+..28.00 to 35.00 per cent. 

The remainder to be iron. 


List of Heat. Treatments 


Heat Treatment A 
After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F. 
(1650°-1700° F. desired). 
2. Cool slowly or quench. 
3. Reheat to 1450°-1500° F. and quench. 


Heat Treatment B 


After forging or machining— 

1. Carbonize at a temperature between 1600° F. and 1750° F. 
(1650°—1700° F. desired). 

. Cool slowly in the carbonizing mixture. 

. Reheat to 1500°—-1550° F. 

. Quench. 

Reheat to 1400°-1450° F. 

Quench. 

Draw in hot oil at a temperature which may vary from 300° 
450° F., depending upon the degree of hardness desired. 
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Heat Treatment C 
After forging or machining— 
1. Heat to 1475°-1525° F. 
2. Quench. 
3. Reheat to 600°-1200° F. and cool slowly. 


Heat Treatment D 
After forging or machining— 
1. Heat to 1500°-1550° F. 
2. Quench. 
3. Reheat to 1400°-1450° F. 
4. Quench. 
5. Reheat to 600°-1200° F. and cool slowly. 


Heat Treatment E 
After forging or machining— 
1. Heat to 1500°1550° F. 
2. Cool slowly. 
3. Reheat to 1400°-1450° F. 
4. Quench. 
5. Reheat to 600°-1200° F. and cool slowly. 


SDEEL 


Heat Treatment F 
After shaping or coiling— 
1. Heat to 1425°-1475° F. 
2. Quench in oil. 


3- Reheat to 400°-800° F., in accordance with degree of temper 
desired, and cool slowly. 


Heat Treatment G 
After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F-: 
(1650°-1700° F. desired). 
Cool slowly in the carbonizing material. 
Reheat to 1450°-1525° F. 
Quench. 
Reheat to 1300°-1400° F. 
Quench. ; 
. Reheat to a temperature from 250°-so00° F. (in accordance 
with the necessities of the case) and cool slowly. 
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Heat Treatment H 


After forging or machining— 
1. Heat to 1500°1550° F. 
2. Quench. 
3. Reheat to 600°-1200° F. and cool slowly. 


Heat Treatment K 
After forging or machining— 
1. Heat to 1r500°-1550° F. 
2. Quench. 
3. Reheat to 1300°—1400° F, 
4. Quench. 
5. Heat to 600°-1200° F. and cool slowly. 


Heat Treatment L 
After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F. 
(1650-1700° F. desired). 
Cool slowly in the carbonizing mixture. 
Reheat to 1400°-1500° F. 
Quench. 
Reheat to 1300°-1400° F. 
Quench. 
Heat to 250°-s500° F. and cool slowly. 
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Heat Treatment M 
After forging or machining— 
1. Heat to 1450°-1500° F. 
2. Quench. 
3. Reheat to a temperature between 500° F. and 1250° F. and 
cool slowly. 
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Heat Treatment P 
After forging or machining— 
1. Heat to 1450°—1500° F. 
Quench. 
Reheat to 1375°-1425° F. 
Quench. 
Reheat to a temperature between soo° F. and 1250° F. and 
cool slowly. 
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Heat Treatment O 


After forging— . 
1. Reheat to 1475°-1525°. (Hold at this temperature one-half 
hour, to insure thorough heating.) 
. Cool slowly. 
. Reheat to 1450°-1500° F. 
. Quench. 
. Reheat to 250°-550° F. and cool slightly. 


nb Wn 


Heat Treatment S 


After forging or machining— 
1. Carbonize at a temperature between 1600° F. and 1750° F. 
(1650°-1700° F. desired). 

Cool slowly in the carbonizing mixture. 

Reheat to 1600°-1700° F. 

. Quench. 

. Reheat to 1475°-1550° F. 

. Quench. 

. Reheat to 250°-550° F. and cool slowly. 
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Heat Treatment T 
After forging or machining— 
1. Heat to 1600°-1700° F. 
2. Quench. 
3. Reheat to some temperature between 500° F. and 1300° F. 
cool slowly. 


Heat Treatment U 
After forging— 
1. Heat to 1525°-1600° F. (Hold for about one-half hour.) 
2. Cool slowly. 
3. Reheat to 1650°-1700° F. 
4. Quench. ; 
5. Reheat to 350°-550° F. and cool slowly. 


Heat Treatment V 
After forging or machining— 
1. Heat to 1650°-1750° F. 
2. Quench. 
3. Reheat to a temperature between 600° F. and 1400° F. and 
cool slowly. 


ALLOYS 


For alloys for bearings see Index. 
Copper-Tin-Zinc Alloys 
The tensile strengths of copper-tin-zinc alloys are given in Fig. 1 


from The Materials of Construction by Prof. J. B. Johnson. The 
location of any point within the triangle indicates the composition. 


Sheet brass shall be furnished annealed or hard rolled. Annealed 
brass is to be designated as light annealed, or soft. Hard rolled brass 
shall be furnished in the following tempers, and the amount of reduc- 
tion in thickness from the annealed sheet shall be as follows, expressed 
in Brown & Sharpe gages: 


Thus, point @ stands for 4o per cent. copper, 20 per cent. zinc, and Tene Be Cas: 
40 per cent. tin. Again, the contour lines give the tensile strengths 5 numbers 
for the useful alloys. The composition and strength of copper-tin Quarterthard).\..eteee. ee ee ee ee 

or copper-zinc alloys may in like manner be read from the sides of Half hatd). 220s.n ce ee OO eee eee ee ee 

the triangle. As put by Professor Johnson, ‘So much depends on Hard ince tees Gs SR oe ee 

the purity of the ingredients and on the manipulation of the process FextTa hard) ocd, ee ee en ee en 

of melting and casting, that this chart, or any similar record, must be SPLIng SA¥oN saute. Oe oie oo Set De ee eee 

Copper 100 is 
Fic. 1.—Composition and strength of copper-tin-zinc alloys. 
taken as showing what may be obtained rather than what will be Over5 Over 8 Over ir 


obtained from the use of these particular mixtures.” 

The following data are from the report of the sheet metals division 
of the Standards Committee of the Society of Automobile Engineers, 
January, 1912. They are approximate and should be used as a guide 
only. If the figures are of particular interest to an engineer, a special 
inquiry should be sent to the mill manufacturing, giving size, temper, 
etc., with a request for tensile strength and elongation figures covering 
the particular requirements. 


Standard Sheet Brass 
SPECIFICATION No. 33 
The following composition is desired: 
Copperseanaeee 64.00 to 67.00 per cent. 


YSIS at pales ees - 33.00 to 36.00 per cent. 
Lead not to exceed........ : .50 per cent. 
Iron not to exceed......... BLOePerycent. 


Up tos ins. wide ins. wide ins. wide 
ins. wide to 8 ins. torzins. to 14 ins. 


Thickness, Limits, inclusive, inclusive, inclusive, inclusive, 
(B. & S. gage) ins. ins. ins. ins. ins. 

No. 0000 to No. o inc.(.4600-.3248) *=.0044 +.0048 +.0051 +=.0055 
Below 0 to No. 4 inc.(.3248-.2043) =.0039 +.0043 +.0046 +.0050 
Below 4 to No. 8 inc. (.2043-.1284) *=.0034 +.0038 +.0041 +.0045 
Below 8 to No. 14 inc. (.1284-.0640) =.0029 +.0033  +.0036 +.0040 
Below 14 to No. 18 inc. (.0640-.0403) *=.0025  +.0020 +.0033 += .0037 
Below 18 to No. 24 inc.(.0403-.0201) +.0020 *.0024 +.0028 =+.0032 
Below 24 to No. 28 inc.(.0201-.0126) +.0016 =.0020 +.0024 +.0028 
Below 28 to No. 32 inc. (.0126—-.0079) +=.0013  +.0017  +.0020 =.,0024 
Below 32 to No. 35 inc.(.0079-.0056) *.001I0. +.0014 +.0017. +.0022 
Below 35 to No. 38 inc.(.0056-.0039) +.0008 *=.001I2 +.0015 +.0019 


Standard sheet brass is for use in the manufacture of lamps, 
horns, flexible tubes, and ornamental work in general.—Tensile 
strength, hard, about 60,000 lbs. per sq. in.; elongation, about 5 per 


cent. in 2 ins. Tensile strength, soft, about 48,000 Ibs. per sq. in.; 
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elongation, about 50 per cent. in 2 ins. Drawing brass and spinning 
brass are special qualities of brass for the operations indicated by the 
name. 
Low Brass 
Used on account of color, resistance to corrosion and atmospheric 


changes, and on account of superior ductility. 


SPECIFICATION No. 34 
The following composition is desired: 


Coppetee.csa- sy uee osc 79.0000 8r,.00 per-cent. 
VERN Cte REE ER Si etree 19.00 to 22.00 per cent. 
Lead not to exceed........ : .20 per cent. 


Tron not to exceed......... LOM MER Cent, 


Specifications for temper, gage variation, etc., shall be the same 
as for sheet brass. Tensile strength, hard, about 75,000 lbs. per sq. 
in.; elongation, about 5 per cent. in 2 ins. Tensile strength, soft, 
about 42,000 lbs. per sq. in.; elongation, about 50 per cent. in 2 ins. 


Brazing Brass 


SPECIFICATION No. 35 
The following composition is desired: 
WOP Dek gas aaererre ere Sot 
Zinc. . na as Encl eo 
Lead not to éxceed........ : 
ron mot torexceeds oi... . - 


74.00 to 76.00 per cent. 
24.00 to 26.00 per cent. 
=25 perrcen ts 
-10 per cent. 


Specifications for temper, gauge variation, etc., shall be the same as 
for sheet brass. This material is used for parts where brazing or 
silver soldering is required. This material has about the same 
physical properties as low brass. 


Free Cutting Brass : 


SPECIFICATION No. 36 


The following composition is desired: 


Coppers. .: 425.2222 OL00:t0 04.00 per. cent: 
Pie ee ene see area COICO: 36,00, percent. 
DAS Ba ee eer 1.25 to 2.00 per cent. 


Tron not/to exceed... ..... .IO per cent. 


This grade of material contains lead, which makes it free cutting 
and suitable for work on which machining is to be done. It does 
not bend or form readily, because of its “‘shortness.”” Specifications 
for temper, gage variation, etc., shall be the same as for sheet brass. 
It has a tensile strength when hard of about 75,000 lbs. per sq. in., 
with an elongation of about 3 per cent. in 2 ins. When soft, its 
tensile strength is about 50,000 lbs. per sq. in., with an elongation 
of about 35 per cent. in 2 ins. 


Red Metal or Commercial Bronze 


SPECIFICATION NO. 37 


The following composition is desired: 


Copper 88.00 to 91.00 per cent. 
TENN She ene. ee Cee gE EOS 9.00 to 12.00 per cent. 
Mead notio.exceeds ci ace. = .20 per cent. 
Fron, notstovexceediccn..6 + « 710 per cent: 


Specifications for temper, gage, variation, etc., shall be the same 
as for sheet brass. This material has a rich gold color and is used 
for screen wires, radiators and in other places subject to corrosion. 
It is also used for ornamental parts where its color is desired. Its 
tensile strength, hard, is about 55,000 lbs per sq. in., with an elon- 
gation of about 5 per cent. in 2 ins. Soft, it has a tensile strength 
of about 37,000 Ibs. per sq. in., and an elongation of about 4o 
per cent. in 2 ins. 
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Gilding Metal 


SPECIFICATION No. 38 
The following composition is desired: 
Coppeter- een O04 OOlL0 OO Oompertcents 
LANG Harlan essere ont 4.00 to 6.00 per cent. 
Weadinottorexceedimmnmrnteys ; else perrcent. 
Jrommottorexceed smn ,06 per cent. 


Specifications for temper, gage variation, etc., shall be the same 
as for sheet brass. This material is used for radiators. It has a 
tensile strength of about 45,000 to 55,000 Ibs. per sq. in., with an 
elongation of about 5 per cent. in 2 ins. when hard. Annealed soft 
its tensile strength is about 35,000 !bs. per sq. in., with an elongation 
of about 35 per cent. in 2 ins. 


Phosphor Bronze 


Phosphor bronze is composed of copper, tin and phosphorus in pro- 
portions varied to suit the requirements of the trade. Specifications 
for temper, gage variation, etc., shall be the same as for sheet brass. 


Copper Sheets and Strips 


Copper sheets and strips shall be at least 99.50 per cent. pure, and 
shall be either soft or furnished with such roller temper as may be 
specified. 

For Copper in Rolls —Less than .o60 in. thick, variation .oo2 in. 
under and .oor in. over gage; .o60 in. and thicker, variation .o03 in. 
under and .003 in. over gage. 

For Copper in Sheets —Up to and including 48 ins. wide the varia- 
tion in thickness may be 5 per cent. under or over gage. Over 48 
ins..in width, up to and including 60 ins. wide, the variation in thick- 
ness may be 7 per cent. under or over. Test specimens cut from 
soft copper sheet shall have a minimum tensile strength of 30,000 
lbs. per sq. in., with an elongation of at least 25 per cent. in two (2) 
inches for gages not less than .o30 in. thick. 


German Silver 


German silver in rolls and sheets is to be specified according to 
color and service required in the following standard grades: 5 per 
Cent. £5 per cent.,, Lo percent. 20) per cent... 25 percent soipeneent, 
nickel, the balance being copper and zinc. It will be supplied soft 
or with such roller temper as may be required. 


Brass Rods 
For Cold Heading.—The materiai shall be suitable for cold work- 
ing, such as the heading of rivets and the rolling of threads for screws. 


SPECIFICATION No. 39 
The following composition is desired: 


Copper 61.50 to 64.50 per cent. 
Zinc . 35.50 to 38.50 per cent. 
Lead . Not to exceed. 50 per cent. 
OMe tl ce woe ee Not to exceed. io per cent. 


The temper shall be produced by annealing sufficiently to give the 
metal the softness required for heading. The material should be 
ordered for heading, and the order accompanied by a sample or draw- 
ing to show the mechanical operations required. This material has 
a tensile strength of about 35,000 to 40,000 lbs. per sq. in., with an 
elongation of about 50 per cent. in 2 ins. 


Free-cutting Brass Rod. 


Material suitable for automatic screw-machine work. 


SPECIFICATION No. 40 
The following composition is desired: 


Coppeteer rare reir Oe 5 OUOLOAGS On Deracen ts 
ZA Ce POR ee aes Leg ©, LORS SeIGO wp CRECON ts 
headin eee eae 22s) COMngE Ss Om peracents 
One eee ee ene NOLL OReXCeCGs LOMpPOmECe mits 


All free cutting brass rods shall be furnished hard drawn, unless 
otherwise specified for when ordered. 

Rods shall not vary in diameter more than the amount specified 
in the following table: 


Up to and including 3 in., .oors over or under required 


diameter. 

From } in. to and including x in., .oo2 over or under required 
diameter. 

From 1 in. to and including 3 ins., .oo25 over or under required 
diameter. 


This material is suitable for automatic screw machine work. Its 
tensile strength is about 65,000 lbs. per sq. in., with about 15 per 
cent. elongation in 2 ins. 


Tobin Bronze. 


Turned and straightened rods for various purposes where strength 
and resistance to corrosion are required; also for hot forging. Rods 
up to and including 1 in. in diameter shall have a tensile strength 
of not less than 62,000 lbs. per sq. in. Rods larger than 1 in. and 
up to and including 7 ins. in diameter shall have a tensile strength 
of 60,000 lbs. per sq. in. 

All rods not larger than 1 in. in diameter shall have an elongation 
of at least 25 per cent. in 2ins. All rods larger than 1 in. in diameter 
shall have an elongation of at least 28 per cent.in2ins. ‘The elastic 
limit, or the point at which rapid elongation begins, shall be at least 
30,000 lbs. per sq. in. for all sizes. 

Tubing 

Tubing can be furnished in copper and the commercial alloys of 
copper and zinc, such as high brass, bronze, phosphor bronze, and 
Tobin bronze. The composition shall be as specified to meet the re- 
quirements of use. The temper of the tubing shall be as specified 
in the order, and may be hard, half hard or annealed. If annealed, 
the tubing may be soft, or light annealed. 

The following variation on inside and outside diameter and the 
thickness of the walls shall be allowed on all commercial tubing: 


Outside and Inside Dimensions 
Wipiton ny INClusivie saa soeer re ecin .002 in. over or under 
Over 3} in. to and including # in........ .0025 in. over or under 
Over # in. to and including 1 in........ .003 in. over or under 
.0035 in. over or under 
.004 in. over or under 
.0045 in. over or under 


.005 in. over or under 


Over 1 in. to and including 1} ins..... ; 
Over 1% ins. to and including 1} ins.... 
Over 1} ins. to and including 1 ins.... 
Over 1$ ins. to and including 2 ins..... 
Overm2nins ee eee Olea pericent woven Ormund er 


No combination of variations on the same tube shall make the 
thickness of the wall vary from the nominal by more than the follow- 
ing amounts: 


Thickness of Wall 


Up to and including @in............. .oor in. over or under 

Over ¢z in. to and including 3; in...... .002 in. over or under 

Over 35 in. to and including 75 in...... .003 in. over or under 
1 


.005 in. over or under 
.0o8 in. over or under 
.0125 in. over or under 


Over 7g in. to and including j in...... ‘ 
Over § in. to and including } in........ 
Over } in. to and including 3; in....... 
Over 35 in. to and including ? in...... : 


a 


.OI5 in. over or under 


On all stock where the above commercial variations are not per- 
missible limits shall be specified in the order. 


Brass Casting Metals 


Rep Brass 
Specification No. 27 
Copperas eet errr reer oS OOnDErECent™ 
AW GY cpaciet > SReG Crecente aetna 5.00 per cent. 
eadnixsee ee 5.00 per cent. 
LAN CRA ees Sone Posi a eyo Aor grt aie | (S.0O7 Pen cents 
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A tolerance of 1 per cent. plus or minus will be allowed in the above. 
Impurities of over .25 per cent. will not be permitted. 

Norr.—A high grade of composition metal, and an excellent 
bearing where speed and pressure are not excessive. Largely used 
for light castings, and possesses good machining qualities. 


YELLOW Brass 
Specification No. 28 


Coppeteeesn ae eee ee O22 © ONL ONO GS OOM DET ECeDIE, 
Tieadmasas sss ea vierin cea eee OO LOM A MOOn pela Cent. 
ZiNCWa eee a eee es 3 ONOONLONSG TOO PEENCEME. 


Total impurities in excess of .50 per cent. will not be permitted. 

Note.—This alloy represents a high grade of yellow brass; is 
tough and possesses good machining qualities. Its use is suggested 
in preference to ordinary commercial yellow brass castings, which 
are, generally speaking, a miscellaneous assortment of mixtures, some 
of them containing considerable amounts of iron (from 1 to 3 per 
cent.). This is very undesirable, as it renders the castings liable to 
blow-holes, hard spots and, in some cases, small particles of metallic 
iron. 


Cast Manganese Bronze 


SPECIFICATION No. 29 


Manganese bronze is understood to mean a metal constituted 
principally of copper and zinc in the approximate proportion of 
60 to 40, iron being present in small and manganese in variable 
quantities. Main dependence will be placed upon physical specifica- 
tions. 


60,000 Ibs. per sq. in. 
30,000 lbs. per sq. in. 
20 per cent. 


Mensilerstrenet heen pee 
Vieldipointse sas ce are 
Elonga tions 2hins seer 


° 

Notrre.—Manganese bronze is of value for castings where strength 
and toughness are required. Specifications are not severe, being 
easily met by all makers of quality castings. Test coupons should be 
attached to castings made in the sand, the use of chills, special sand 
or artificial methods of cooling being prohibited. This precaution 
prevents the use of inferior metals. 


Aluminum Alloys 
No. 1 j 
Specification No. 30 


Aluminum, not less than..... 
Copperrecess smesmuadeieorere 


go.oo per cent. 
8.50 to 7.00 per cent. | 


Total impurities shall not exceed 1.7 per cent. of which not over 
.2 shall be zinc. No other impurities than carbon, silicon, iron, 
manganese and zinc shall be allowed. - 

Notr.—This is one of the lightest of the aluminum alloys, possess- 
ing a high degree of strength, and can be used where a tough, light | 
alloy of these characteristics is required in automobile construction. | 


No. 2 
Specifictaon No. 31 
Aluminum, not less then........ . 80.00 per cent. 
LEING, INE OMS a ancososoobsunn css WHs@O JOS? Cai, 
Copper, between................ 2.00and 3.00 per cent. 


Manganese, not to exceed........ -40 per cent. 


Total impurities shall not exceed 1.65 per cent., of which not more 
than .50 per cent. should be silicon, not more than 1.00 per cent. iron, 
and not more than .15 per cent. lead. 

Note.—This mixture possesses strength, closeness of grain, and 
can be cast solid and free from blowholes. It is a light metal, its | 
specific gravity being in the neighborhood of 3.00. 
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No. 3 
Specification No. 32 


Aluiminumieeees eaten a. 


. 65.00 per cent. 
- 35.00 per cent. 


Total impurities in excess of 1.65 per cent. will not be permitted. 

Notre.—This is a mixture that can be used where cheap castings 
not to be subjected to any great strains are desired. It is a desirable 
mixture for flat plates, foot-boards, running boards, etc. It is quite 
brittle and will not equal in toughness or strength specifications 30 
and 31. 

On aluminum alloys the standard specimen of reference shall be 
the same as indicated for standard steel tensile test-specimen. 
Test piece shall be tested with the skin on. We recommend a test 
bar 3 in. in diameter at the breaking section and filleted to a 3 in. 
diameter threaded end. Fillet should extend for at least $ in. 
Test bar to be attached to casting, use of chills or artificial means 
of cooling being prohibited. 
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Pouring Temperature 
Fic. 2.—Effect of pouring temperature on the strength of aluminum 
castings. 


Aluminum Alloys 


The design of parts to be made of aluminum castings is subject to 
restrictions which are thus explained by H. W. GiLietr (Society of 
Automobile Engineers 1911): 

Owing to certain physical properties of aluminum, such as its 
high contraction on cooling and its weakness when just solidified— 
that is, its hot shortness—aluminum castings require more careful 
design than almost any other casting metal. 

In passing from the molten to the solid state, aluminum contracts 
a good deal; when a heavy and a thin section come next to each other, 
the thin place will freeze first. If the thin section is so situated as 
to lie between a heavy section and a gate or riser the supply of metal 
is thereby cut off from the molten mass in what is to be the heavy 
part of the casting. The contraction of freezing has to take place, 
and instead of taking place uniformly over this heavy part and main- 
taining the exact shape of the mold, it will often draw away from a 
corner and produce a shrink. We can induce the heavy portion to 
freeze more quickly by placing the chill in the mold at that point, 
but it is difficult to accomplish the end completely by this method; 
it greatly increases the time required to put up the mold and produces 
unsightly chill marks on the casting. 

The ideal casting, therefore, is one of as nearly uniform section 
throughout as is practical, since that means that the whole casting 
solidifies at the same time, so that contraction is uniform. 

On account of the hot shortness of aluminum the shrinkage strains 
set up when a heavy section joins a thin one often cause the metal 
to give away entirely at that point, and a crack appears. If it is 
- inevitable that light and heavy sections come together, the cooling 
strain should be distributed by joining the sections by a smooth 
curve, that is, a liberal fillet. 

22 
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There is no one factor in foundary practice that more gravely 
affects the strength of the casting than the pouring temperature. 
The reason for this again, is, the speed of crystallization. The cooler 
the metal can be poured into the mold the more quickly it solidifies 
and the less time the crystals have to grow or arrange themselves, 
and the result is a mass of closely interlocking crystals forming a 
strong fine-grained material. 

The effect of pouring temperature was well shown by a set of test 
bars, all of which were cast from the same pot of metal with exactly 
similar molds, the only variable being the pouring temperature. 
The average results obtained in this series of tests are given in Fig. 
2, which shows that the lower the pouring temperature the stronger 
the casting. 

This has a distinct bearing on design, since the lowest temperature 
at which a casting can be poured is that to which the thinnest sec- 
tion will just escape a misrun. If the casting is so designed that this 
crucial section compels hot pouring, all of the thicker parts will freeze 
too slowly and will be weaker than they should be. By slightly 
increasing the section of the thinnest parts, a casting can often be 
poured too deg. colder and the strength of the whole casting be in- 
creased at least ro per cent. If the bulk of a casting is from } to 
4 in. thick, one little part $ in. thick will give a resultant casting, 
on account of the high pouring temperature required, whose average 
strength is about 16,000 lbs. per sq. in. instead of 18,000 lbs. or 
over. The call for lightness has led many designers to overlook 
this vital point. 

The great influence of the pouring temperature is the reason why 
separately cast test bars show only the quality of the ingot metal 
and nothing at all as to the strength of the corresponding casting, 
even though the test bar and casting may be poured from the same 
pot of metal. Aluminum test bars should be made on the castings. 
Were this stipulation not made the foundryman who wishes can 
pour the casting as hot as he pleases, allow his metal to cool way 
down and then pour separate test bars which will then show an utterly 
fictitious strength in comparison with the casting. 

The general lack of attention to pouring temperatures, not only 
in commercial practice, but in most of theinvestigations on aluminum, 


, vitiates many of the published data on aluminum alloys and accounts 


for a great many irregulatities and seeming contradictions in the 
results. In comparing the different aluminum alloys, really compar- 
able results can only be obtained by pouring at the same number of 
degrees above the melting-point of the particular alloy in question 
in all cases, thus allowing the same time for crystallization and 
producing an analogous condition. 

Core work always means trouble. It takes time to set cores in 
the mold correctly, and if a lot of small cores are used the danger of 
shifts is greatly increased. If, on the other hand, large cores are 
used, they must be made hard enough to allow handling them and 
setting them in the mold, which requires not only a solid core, but 
one reinforced by iron rods and wires. This makes them hard to 
crush, and on large cores inside of thin walls of metal, introduces 
danger of cracking. When we have a core completely surrounded 
by walls of metal it is a question whether the tensile strength of the 
metal as it solidifies is greater than the compressive strength of the 
core. Let the core be ever so slightly too hard and the casting is 
inevitably ruined. 

If cores must be used, the core prints should be large and deep, 
so as to anchor the cores firmly without the use of chaplets to hold 
the cores in place, since it is impossible for the molten metal to fuse 
a chaplet into the body of the casting, without pouring at a tem- 
perature far above that necessary to give the greatest strength. 
When a job requires cores, the first question that should be asked by 
the patternmaker is if that pattern cannot be made so as to allow 
the use of green-sand core, or at least a green-sand half. Green 
sand will crush and give away when the casting contracts on cooling, 
where a hard, dry sand core will not crush and will crack the casting. 
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Name 


Composition by percentage 


Iron, 
maxi- 
mum 


Lead, 
maxi- 
mum 


Miscellan- 
eous 


Purposes for which suitable 


Tensile 
strength, 
mini- 
mum 


Yield 
point, min- 
imum 


Elongation 
in 2 ins. 
(minimum) 
per cent. 


Commercial brass 


Muntz metal.........- | 
Brazing metal......... | 


Gun bronze 


Journal bronze........ 


Manganese bronze..... 


Castimayal brass;..0.- = 


Phosphor-bronze 


Screw pipe fittings, brass 


82-84 


57-60 


59-63 


80-90 


77-80 


2.0 


37-40 z.9 


. 06 


Rem. . 06 


13-19 | of 


2a 


Aluminum, 
0-55 
ganese 0.3. 


man- 


Name and number plates; cases for in- 
instruments; oil cups; distributing 
boxes. 


Brazing metal, and all flangesand fit- 
tings that are to be brazed. 

All composition valves 4 ins. in dia- 
meter and above; expansion joints, 
flanged pipe fittings, gear wheels, bolts 
and nuts, miscellaneous brass castings, 
all parts where strength is required of 
brass castings or where subjected to 
salt water, and for all purposes where 
no other alloy is specified. 

Composition valves: Safety and relief, 
feed check and stop, surface blow, 
drain, air, and water cocks, main stop, 
throttle, reducing, sea, safety sluice, 
and manifolds at pumps. 

Condenser 

Distiller 

Feed-water 
heater. 

Oil cooler 

Pumps: Air-pump casing, valve seats, 
buckets, main circulating, water cylin- 
ders, valve boxes, water pistons stuff- 
ing boxes, followers, glands, in general 
the water end of pumps complete ex- 
cept as specified. 

Stuffing boxes: Glands, bushings for 
iron or steel boxes. 

Blowers: Bearing boxes 

Journal boxes: Distance pieces 

Miscellaneous: Grease extractors; steam 
strainers, separators, casing for stern 
tube and propeller shafts, propeller hub 
caps. 

Bearings: Main, stern tube, strut and 
spring. ~ 

Spring bearings: Glands and baffles 

Reciprocating engine: Intermediate and 
low pressure relief valves and casings, 
crosshead brasses, crank pin brasses, 
eccentric straps and distance pieces. 

Journal boxes, guide gibs, bushings, 
sleeves, slippers, etc. 

Reciprocating engine: Valve stem cross- 
head bottom brass; link block gibs, 
suspension link brasses. 

Propeller hubs, blades, engine framing, 
and composition castings requiring 
great strength. 

Valve handwheels, hand-rail fittings, 
ornamental and miscellaneous castings, 
and valves in water chests of conden- 
sers. 

Castings where strength and incorrod- 
ibility are required. 


| Heads, shapes, and water 
| chests. 


For composition screwed fittings....... 
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FusIBLE ALLOYS 


Alloys 


Bismuth 


Lead | 


| Melting- 


Tin Cadmium A 
point 


Newton’s... . | 
Rose’s..... | 
Darcet’s... | 
Wood’s.... | 


Lupowitz’s.. 


50. 
50. 
50. 
SOE 
50. 


(ole loy sole say Ko) 


oie 
28. 
25. 
2A. 
27.00 | 


25 
Io 
[ole) 
lefe) 


Deg. Fahr. 
18.75 204 
24.64 
25.00 
I4.00 


te 


212 
200 
160 
140 


12.00 


[ele) I0.00 


WEIGHT OF MATERIALS 


TABLE 1.—SPECIFIC GRAVITY AND WEIGHT OF METALS TABLE 2.—SPECIFIC GRAVITY AND WEIGHT OF Woop 
Sheai Weight in ibs. of Cu. ins. Specific gravity Average Weight ez cu 
Matecal pecific one eons ft. lbs., average 
gravity Oekive eatin: in ATMGL ears cntco nee .5O:t0 80 .68 42 
a ADSM Ge crepes wineries 373.to .79 .76 47 
PAGHIMINUM——CASt,.. .cicicincgecacuevas 2.569 160 - 093 10.80 NG) a eae chan CREM HTSO TO .60to .84 ne 45 
Aluminum—wrought................| 2.682 167 .007 10.35 Bam boost ane: solto, 240 +35 22 
Aluminum—bronze..............+.- 7.787 485 . 281 3.56 Beachy. curntumcictun: .62 to .85 i183 46 
PMINGCINOTIN ee Neate crsiee wa Ciena args 6.712 418 . 242 pra} Bircheneantaice pease ness .56to .74 -65 41 
Ee RSSANSC CRE GRE IV RE See, eng cere 5.748 358 .207 4.83 BOC mena ct Gena sieks TOTEbO! ess r.12 70 
PETE EAR ecw ont ny Mek cH 9.827 612 6354 2.82 Cedar went ttuc ae 749 tO 175 .62 39 
from 7.868 490 . 284 3.58 (CORELlyr vacates 1OL tO 472 66 41 
BrASS—GCASt. cage cat ace 2% to 8.430 525 .304 3.20 Chestntitenn anions -46 to .66 -56 35 
average 8.100 505 .292 3.42 Cores aie qmiog ote nian .24 24 15 
Brass—Muntz-metal................ 8.221 512 . 200 B37 Cypresccn teaas ie Gi tO! 66 -53 33 
Brass—naval (rolled)..............0- 8.510 530 .307 3.26 Donwoodnsern tenia .76 -76 47 
BraSS=——GhG@ his fae cs caw se kinas aa ee 8.462 527 -305 3.28 ES DON Vee talc a venarne Tat3 £04533 1.23 76 
BR PAGG =“ WVITED re ctv bode ex wh alnrerdiy cent 0 8.558 533 .308 3.2 lini Seton ete rhea op S55) toe 278 .61 38 
{from | 8.478 528 .306 3.27 L Sh Sete, Ha cate eer nes mat -48 to .70 +59 37 
Bronze (gun-metal)........ to 8.863 552 -319 Ryne! Gai erate eine .84 to 1.00 +92 57 
ek 8.735 544 -315 Rie 4) Mackmatackows sou. .59 +59 od 
PAGS CASK es aoa wie ls largo Em ercene 8.622 537 ~GLL a2 2 Hlemlocleeer sania tees 7g0)tO e4r -38 24 
Copper—hammered................. 8.927 556 ag22 Saar Mickorvyi ce nraen £69,005 04) Skee 48 
MiOpper—Sheet i. 66.00 cei aes oawans Seors 549 .318 Bates Holla ne dee .76 .76 47 
MASE WL On so as Gaerne en x nei 8.805 554 Soe se Horn beamenasscenn ale .76 -76 47 
Metirere CULE) oes wlan nes, esse a Sens | 19.316 1203 . 696 1.44 WUNIPeT ee een aes .56 -56 35 
Gold standard 22 carat fine.......... | 17.502 | ro90 .631 1.59 arch aunts as aber .56 -56 35 
(Gold 11—Copper 1) | | Lignum! vitaes<.. ssc. .65 0 1.33 I.00 62 
from 6.904 430 . 249 4.02 Teincdemeyasacu caver eck 1604" 295") Ils ahem. 37 
LASSE A ea 7.386 499 . 266 3.76 TEGCUStaneninlta ears 5775 eee en |e 46 
average| 7.200 464 260 3.85 Mahogany........... .56 to 1.06 or 51 
| from 7.547 470 .272 3.56 Maple neni. an ocean .57 to .79 68 42 
Iron—wrought............ to 7.803 486 . 281 3.68 Mulbertyeron wae -56to .90 +73 46 
| average] 7.707 480 278 3.60 Oakelives enter .96 to 1.26 coer 69 
Ge SRS eee ne eae Ir. 368 708 -410 2.44 Oise, WOH 4 oscuc nace 69 to .86 aah 48 
[Se GSU RG a ern II.432 72 .412 2.43 Oaks Riedie v ec ne BiGet OMS 74 46 
PET SARESOS cle Oe seta 6.4. Sbarsterie te aie 8.012 499 . 289 3.46 Pines White. <<... «a +35 tO) 255 +45 28 
ONG IG As Ga Rs Se eee 8.285 516 . 299 Saco. Pine, Yellows. ..5...1 .46 to .76 .61 38 
BUC GE<—POHOG vc hskw ck ene ewaan 8.687 541 =si3 3.19 Poplande acts esate .38 to .58 .48 30 
LO ELT eR eel ne ao 21.516 1340 -775 1.29 Spruce ee rrr ea aes .40to .50 45 28 
SINE 3 6 Bs Oiteti i NOE PCR RnR ees aero 10.517 655 -379 2.64 Sy. Camonenwn nies .59 to .62 .60 37 
{ from 7.820 487 4 .282 S255 ISTH i Ae Pane Chea aa .66 to .98 82 51 
RCO Mes cod «Sal sge's, noe { to 7.916 493 285 3.51 Walnut sees eer, .s0to .67 .58 36 
[average | 7.868 490 .284 Babe Will wart eee acne ee .49 to .59 54 34 
SER deol een Sey ae ee ce eee eee 7.418 462 nZOT, 3.74 
White Metal (Babbitt’s).............. 72322 456 .264 3.79 
BRE CAS Ge Pa tor ciate es pipe amine ee 6.872 428 . 248 4.04 
OSS RESTS ee a eee 7.200 449 . 260 3). 85 
TABLE 3.—WeIGcHTS OF IRON, BRASS, AND COPPER WIRE 
Birmingham or Stubbs gage 
5 Noworn «| | Dia. in Weight in lbs. per 1000 linear ft. No. of Dia. in Weight in Ibs. eS 1000 linear ft. 
gage | in. Iron Brass Copper coe co eas oe Iron Brass EE 
9000 -454 546.21 589.29 623.2 | 17 -058 8.92 9.62 10.17 
000 -425 478.65 516.41 546.1 18 049 6.36 6.86 7.259 
oo .380 382.66 412.84 430.6 | 19 . 042 4.67 5.04 5.333 
o -340 306.34 330.50 349.5 20 - 035 3.25 3.52 3.704 
7 .300 238.50 257.31 272.1 2I 032 Ce lyfe 2.93 3.006 
2 264.1% 213.74 230.60 243.9 22 .028 2.08 Dery. 2.370 
3 .259 177.77 191.79 202.8 23 -025 1.66 Bom? eteY 
4 . 238 150.11 161.05 171.3 24 022 Tae Ie Eades 
5 .220 128.26 138.37 146.3 25 .020 1.06 eee 1.209 
6 . 203 109.20 117.82 124.6 20 .o18 . 863 .926 .979 
7 . 180 85.86 92.03 97.96 27 016 .680 732 Ape 
8 .165 A 77.83 82.31 28 . O14 .529 560 .592 
fo} .148 58.05 62.62 66. 23 20 .Or3 .438 . 483 aye 
10 134 47.58 51.34 54.29 30 O12 .382 412 435 
II .120 ; 38.16 41.17 43.54 31 .OL0 . 266 . 286 .302 
I2 . 109 31.49 33-97 35.92 32 009 »212 +232 244 
13 095 23.92 25.80 27. 29 33 s008 PAs v48S ie 
14 . 083 18.26 19.70 20.83 34 . 007 133: .140 14 
15 .072 13.73 14.82 15.67 35 .005 .066 oe ase 
16 .065 II.19 12.08 1D GG 36 | . 004. ( -052 -04 .04 
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TaBLE 4.—WEIGHTS OF SEAMLESS Brass TUBING PER LINEAR Foor, Lbs. 
1 to 2} Outside Diameter. Nos. 1 to 25 Stubbs Iron Gage 


= Thickness 
Noofgege| aa | t | ae | t | ae] 8 | te 4 le 8 eek la iaeek ns ee lee 
I 300 oe ee ee ele oe le haals 8 Paton aves eve som nosy selma 
2 . 284 Spe eee es Ge Cc cd a Biri ee callhncs HBBe We Se || s@R, |) Hitler | Boke || Oz |) 7.20 
3 250 swe sfivia lata nfs eS 2 on do eaufa ester eclle shell an@hh ROS 2ae oq 2200u| eee ninhso amos 5.96 | 6.72 
4 . 238 si ee AMbaPevee hell ctvorsires| ote alley See lean ten [tap auey a See el ere eral | Pacememenes eG |Prane) | Bo Go || Bevilo) || Alok || ALS || Go gu | ©.25 
5 . 220 SEE ucartcll nate ct ented ro cect icoten |e ol (oo dral|coto = Se aie SF IIteeyey | Beer |) 2 2O |) Backs) | We ey || Gomek |) Goce 
6 2208 es Cos od dd cd Oe ac 1.20 1-58) 0.88 || 2.40 | 3204 1) 300084520) | "4 Son NSnso 
i . 180 vee ele cece ee efece close efecee|eeee{e ess] QO [1.19 Tey ee Gee || ee MN Degg || Baer |) Bosh || Mawes | Ass 
8 .165 PocollemaalecnolsosrlZtey lage OM tap | oye Ibe uie leer fo ete I @.Gyf || Bo | See || G56) || 4-08. || aac 
9 .148 Sool owls coclinns ollacxey Vevey la@ie age | cher lee wteyt |e) [hn toy || a8.) || 2.82. || B95 || Bok? | Boo | 4.08 
Be) -134 Sdoslno cola sonleomallaSte: lates Oe Noa | Ol. iti: lpg Seay | edie |) Moisi || Dae 28 .6 
ny) 5 3 3-97 
II .120 seo ulb so alates Ih2x0) exe tee Aces are Ws Sefer |) etsy heats i Be || sek |! se aGae | Bae) |) ewer || 2@O || 3. Be 
12 . 109 Sood b ooo loLyAle OO laseyUlacinee le Kone|y7e)) alelyo}) gcctersl| GuYO ieee || se. Ales || 3057/0) || Beye | 2.30) |) 2.70) || BO 
13 .095 Sob co alee earl xeOlaeeAlecvin cial Ete) ayer ANeilinCe || SO |) SS || tees | 2 le) || 2.g7/ || 2.005 
I4 .083 A Ane -+++|- 160.220]. 280).340]. 400.460 sSxe|| AWUWe)| 7el necked || Ge aeD |) Ge Axe) |) ay oie || se. || B.@sy | 2.32 
15 .072 ..../.096].144]. 201]. 251]. 303].355).409| -461) .564| .667) .77 7OO |) La LON) Ladue d Ocala Oita eo 
16 .065 .045|.092/. 138]. 186]. 232|.279|.326|.372| .420] .515| .609| .70 Xo al) sexys || se) || seaziey || ae olove || see 
17 .058 .044|.087|.128}. 169]. 212|.255].295|.338| .380] .463| .548] .64 .80 Soyyp | agai || Skates |i Gra Aues | at On 
18 .049 2043) (O78) LES) U5O|21S3) 2201225516200) 325 1=., 207A Oil m5 4) .67 .82 COON || wen aioy || ee el |) a0 2X0) 
bite) .042 .040].070]. 1OT|.130].161|.193].221|.252] .282] .343] .404] .46 .58 3 Fp OS TOS) Le O77 eee lO 
20 .035 .036|.062|.086|.113].136|.163|.188].214] .238] .289] .330] .30 -49 .59 .69 . 80 .893| 1.00 
21 .032 .034 -057 081). 104 7228), 052\20731.100)) (280). 200) 252) 23571 —450) S42 025 2727) O20]nOms 
22 .028 FOZ LIO5L|.072).003), E12) L234 U52l417 4) .LO2IE. 23am 2715 SS ee SOOl e477 mm Olmos marae me OO) 
23 FO25 .020]..047|).066).082). 102). 110}. 136).155| .173] . 200) 1.245) 1282) 2354] .426) 2407) 2571) 2O4n| a704 
24 .022 .026].042].058}.074].090].107].121|.137] .154] .186] .218] .2409] .312| .376) .438] .502| .566] .629 
25 .020 .0241.039].052].068].081!.096]/.1101.126| .140] .169] .197| .226) .285! .3421 .3001 .457! .516) .573 
For weights of seamless copper tubing, add 5 per cent. to the weights above. 
Si . 
TaBLE 5.—WEIGHTS OF ares HEXAGON AND OcTacon Bars TABLE 6.—WEIGHT OF SPHERES OF VARIOUS METALS 
Dia. or dis- . | Dia. or dis- : i i 
tance across BvcteaesDer a oue=  GESNOD RTOS Weight per ft., lbs. Diameter a Hs Weight in pounds 
ae & 
flats | Hexagon | Octagon _ flats Hexagon Ocean in ins. Steel Ae Cast-iron | Copper Brass Lead 
vs O12 OIL | Is T.LOS 6.905 I . 146 .142 134 . 166 155 273) 
3 046 044 13 7.776 7.446 1} -495 481 564 +563 526 “723 
3 - 103 . 099 | 134 8.392 8.027 2 gee FL 1.07 Taos Aer. he 
4 .185 G7 | 1} 9.025 8.635 24 2.20 Dep} 20% Be oe ae 
5 . 288 TT | 13 9.682 9.264 3 3.9 3.8 3.6 4.5 4.2 5.8 
3 -414 | -398 | 1} 10.36 9.918 34 6.2 6 
f : : 5 .8 : ; : 
as .564 .542 I# II. 06 10.58 4 0.27. 9 : ; 6 ms a : i s ; 
3 Iain .708 | 2 II.79 II. 28 4h 13.3 13 ee ee Sa as 
18 HOS2, | ui nee 806, | 2} Tangy 12.71 5 He is a ae aoe os 
g Heeteeh Si i ae A 354 | 2} 14.92 I4.24 54 24.4 2 as ; 
. Bey 22.6 27.7 25.9 B55 
4 1.393 Teaser | 24 16.62 15.88 6 
25 1.658 Tas SAeee|| ah ae abe A ieee 2 me 36 33.6 46 
al 1.944 1.860 2} 20.31 19.45 7 tone G3 e . By me a 
| 2.256 QTR 2¢ 22729 21.28 | 
Ho | 2. sor 2.482 2} 24.36 23.28 Z ae a 70.3 65.7 | 90.3 
: 75.2 WS 69 85 19.4 109 
if 2.947 2.817 3 26.53 2530 gi 
lis 3-327 3.182 3h 28.78 Di ae ah aS ic 102.3 95.6 131.4 
as 3-730 3.568 3% 31.10 29.28 94 126 3 4 on ae oe oe 
| ee ae 3% 33.57 32.10 10 146 142 134.5 166 oe ee 
Q | 4.605 4.407 34 36.10 34.56 ro} 169 165 156.5 193 180 284 
176 | 5.077 4.858 | 35 38.73 37.05 
13 | 5 at Soon | S 41.45 39.68 oy ae hee; ae aa aS eee 
Ia 6.091 5.827 | 3% 44.26 42.35 ake ae gs 230-4 Se) 
14 Ost 6.344 | 4 47.16 45.12 ~* oot bul 233-5 288 270 370 
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TABLE 7.—WEIGHTS OF SHEET IRON, STEEL, COPPER AND BRASS 


. Birmingham Gage American or Brown & Sharpe gage 
NawaF gage Thickness in Weight per sq. ft. No of Thickness Weight per sq. ft, 
ins. Steel Tron Copper | Brass gage in ins. Steel Iron Copper Brass 
0000 454 18.5232| 18.16 20.5662] 19.4312 0000 - 460000 18.7680 18.4000 20.8380 19.6880 
000 .425 17.3400] 17.00 19.2525| 18.1900 000 -4090642 16.7134 16.3857 18.5568 T7= 5327. 
00 . 380 15.5040] 15.20 17.2140] 16,2640 00 - 364796 I4. 8837 14.5918 16.5253 Fe Ores 
9° - 340 13.8720} 13.60 15.4020] 14.5520 19) - 324861 13.2543 12.9944 14.7162 13.9041 
I . 300 12.2400] 12.00 13.5900] 12.8400 I . 280207 Ir. 8033 FIA5 759 13.1052 12.3819 
2 . 284 11.5872) 11.36 12.8652] 12.1552 2 . 257027 IO. 5112 10.3051 11.6705 II.0264 
3 . 259 10.5672| 10.36 II.7327| 11.0852 3 . 220423 9.3605 9.1769 10.3929 9.8193 
4 - 238 9.7104] 9.52 10.7814| 10,1864 4 - 204307 8.3357 8.1723 9.2551 8.7443 
5 220 8.9760} 8.80 9.966 9.4160 5 . 181940 17-4232 7.2776 8.2419 7.7870 
6 203 8.2824) 8.12 9.1950] 8.6884 6 . 162023 6.6105 6.4809 7.3396 6.9346 
7 - 180 7.3440) 7.20 8.1540] 7.7040 7 144285 5.8868 5.7714 6.5361 6.1754 
8 165 6.7320] 6.60 7.4745| 7.0620 8 - 128490 5.2424 5.13096 5.8206 5.4994 
9 148 6.0384] 5.02 6.7044] 6.3344 9 114423 4.6685 4.5769 5.1834 4.8973 
10 - 134 5.4672| 5.36 6.0702] 5.7352 10 . 101807 4.1574 4.0759 4.6159 4.3612 
LF 120 4.8960) 4.80 5.4360] 5.1360 EE 090742 aero2s 3.6207 4.1106 3.8838 
12 . 109 4.4472) 4.36 4.9377| 4.6652 12 . 080808 3.2970 3.2323 3.6606 3.4586 
3 005 3.8760} 3.80 4.3035| 4.0660 13 . 071962 2.9360 2.8785 3.2509 3.0800 
14 083 3.3864] 3.32 3.7599| 3.5524 14 064084 2.6146 2.5634 2.9030 2.7428 
15 .072 2.9376| 2.88 3.2616] 3.0816 15 . 057068 2.3284 2.2827, 2 5oa2 2.4425 
16 | 065 2.6520| 2.60 2.9445| 2.7820 16 .050821 2.0735 2.0328 2.3022 Va Gina 
17 058 2.3664] 2.32 2.6274| 2.4824 17 - 045257 1.8465 1.8103 2.0501 1.9370 
18 040 1.9992 1.06 2.2197| 2.0072 18 «040303 1.6444 P.OLeT Te O257) Pe 5 0) 
19 .042 1.7136] 1.68 1.9026] 1.7976 19 . 0358090 1.4643 1.4356 1.6258 1.5361 
20 035 1.4280} 1.40 1.5855| 1.4980 20 . OZ 1961 I.3040 I. 2784 1.4478 1.3679 
21 .032 I.3056| 1.28 1.4496} 1.3606 or 028462 1. 1612 1.1385 I. 2803 ie Paste 
22 028 I.1424| 1.12 1.2684; 1.1084 22 . 025346 1.0341 1.0138 1.1482 1.0848 
23 +025 I.0200|} 1.00 Teers 25) e000: 23 -022572 -920904 90288 1.0225 . 96608 
24 .022 . 8976 .88 .9966 .9416 24 . 020101 . 82012 . 80404 .91058 . 86032 
25 .020 8160 .80 .9060 8560 25 017900 “73032 - 71600 . 81087 76612 
26 .or8 .7344| -72 ESEsd 7704 26 . OI15941 .65039 -63764 .72213 .68227 
27 O16 -6528) 64 .7248]  .6848 27 - O14195 57916 56780 64303 60755 
28 . O14 .5712 .56 6342 .5992 28 . O12641 SS LSy5 - 50564 57264 -54103 
29 - O13 +5304 252 - 5889 .5564 29 -O11257 -45929 -45028 - 50994 - 48180 
30 O12 . 4806 .48 5436 5136 30 . 010025 . 40902 40100 45413 42007 
31 ob ae) . 4080 P76 .4530 4280 Bi . 008928 . 36426 S35 722 -49444 .38212 
32 - 009 - 3672) .36 .4077 .3852 32 - 007950 - 32436 . 31800 . 36014 - 34026 
33 008 j .3264 32°41 3624 3424 33 007080 . 28886 . 28320 32072 «30302 
34 | .007 . 2856 ia | .3171 29096 34 . 006305 25724 . 25220 . 28562 . 26985 
35 .005 . 2040 _20 .2265 2140 35 - 005615 . 22909 . 22460 - 25436 + 24032 
26 .004 1632) 16 1812 1712 36 - 005000 . 20400 - 20000 . 22650 . 21400 
; = | iT - 004453 . 18168 wL7 Sr . 20172 19059 
ppeerte eraviticn EA eee re ot oe One 7.85 7.70 | 8.72 8.24 38 003065 16177 15860 17961 16070 
Weight ofa cubic foot Math acee a rctexverer are 489.6 480. to) 543.6 513.6 39 - 003531 - 14406 - 14124 - 15995 » T5013 
Mer bt.Of a CUOICINCH s,s c <tc 0] . 2833} .2778| -3146 | . 2072 40 003144 T2808 12576 14242 13456 
TaBLe 8.—WEIGHTS OF FLAT SIZES oF STEEL IN POUNDS PER LINEAR Foot 
1S iS ee eee Eee eae ae ee ae eee 
3 Ava: 266, ~320), 2372 426) .479| DSO SOs ROAO! a7 4c O50) O55 eleO7m|s T eOuedun2 Ol etinA Ome ce 7On lt 2 coca GO 
zs -319| .399| .480| .558 .639) Ah) S7XE| ovis  B@lerel) sea aweh || aeobISel| aeoley ip avatorey ||| ben ah) |) neko) |) Quer || oR |) Bee). || Shoko 
i 425) -533| - 640) -743| .852| 928/200 eI || TORS | TeaPAG) | Bea ¥fe) | HenGoyn |) E30} |] ae) Say |! waralss || merioy || AO | Gast 
vs aaa OOS GSOON NT O20}1 00113200233 alt e400 (E2008 D580) e2nTGu lee 130) 20011 2.025 es 1O ul) Sil72n etna he Cees 2 OmaS 
| | | i} | 
3 BOSS OSs OOO;Lal 2. Ta 2OyiX Asai esOuine 75 et OL) | 62, 230e255 2.070 ioe 20" 3-50 sl 630) 440 nh LOM OR4Om eT 106 
| 
qs -744, .Q31/I.12 1.30 [1.49 |1.67 |1.86 |2.05 | 2.23 | 2.60 | 2.98 | 3.35 | 3-72 | 4.09 AWA OM eS e2tee5s05 a ead oeo2 
3 eerifO71i-20 |E-40 1-70 |4.00 12.13 12-34" 2.55 | 2.98 | 3.40 | 3.83 1 4.20-| 4:08 |°5:40'| 5.96 | 6.80 | 8. 528i 0.20 
vs 5 cc TEBE. WEAVE reli Se One |e ei eyo) Woes || Doty | Kiesis |) Gatewh i] Zlogten | Fes beewll Geer eres ory | YOGI) Ooite: |tie. Hoo 
§ DOOM TSOMIala 2 esOn|2O0M2nO2 eseOn 3 n72uledezOn|! fav ON! (5.3 2ul51G01| OnsOl lh 7e4qie 152 Os OA 2a. 
| 
it TOM COANE Aa 2 OSui 2 O2Nl a2 2m sas tales OG eA 20S 5 20 NN 5 O4e OnAsal| 7eOL no. Lom On shail le Omir4 noo 
2 Nl2n2au2as omen SOmigearOmsecOmiesnOsml A AOm m5 aloes 74 alNO240. ITO cl OSnl 1d. O20 TOs20" 2 SOml 5e3O 
34 Mle ee a PPA 2a 7 Onsen aiseasNGeCOMlmAmrAmEANS3 “I Saha 1s0y22. 1/0, OL 7 OONl Sa20))\ OnO7 |TLetO si3nSOn|TOnOO 
q W22080 (3634) 136 721/4.00 e4e 4605.21) 5.00 | 6.700) 7.46) 8210) 8.04) \rol 42) cI o2 tA 9247.33 
15 NS LOMS aS OMSHOSm4ANG OulAn TOMES SOmimOn SON 70 Tillie O7 O24) 7aOm5 On EL 2On| C2 SOMES OOM OSLO 
I BO2ml Ae Sada OSM INSE LON 5 OOM LO 1SOn 7 OOM. 52 18030. 1TOn2O TT, O24)(04 00) 71041120740 
fs A Sasee See Aa Oe Tae, 05). OLN (Oe 5Ou| LO 54 iil AO (LZ A Le ILS On OuL7 22505 
ae ees arene ee es een ee ee ESCM MOMC ON eA CeINOmsOn ONS 1TO\OSmMinr7 elie 7,0) An OONl 7 OOn 2 TasOuh25mOt 
14 sévcleesdullecscclacesalsovce eae vclsconal eG |) GOVE LOM [totes \iecAkey ee Gisy | Peutey.l |aais ckey |[rezaststen |fexear-Koy Nixa 6) |\ekey- 
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TABLE 9.—WEIGHTS AND SECTIONAL AREAS OF SQUARE AND RounpD STEEL Bars. By THE CARNEGIE STEEL Co. 


Thickness or | Weight of Weight of Area of Area of Thickness or | Weight of Weight of Area of Area of 
diameter in | [Jbar1 ft. | O barr ft. barin | O Bar in diameter in | (_] bar x ft. | O bar x ft. []barin | Obar in 
ins. long long || sq. ins. sq. ins. ins. long long sq. ins. sq. ins. 
= | 35 34.55 27.13 || 10.160 7.9798 
5 .013 .O10 || .0039 .003I * 35.92 28.20 10. 563 8.2958 
1 053 | 042 | .Or56 0123 or 37.31 29.30 10.073 8.6179 
— | eT po! 5094. || 40352 .0276 3 38.73 30.42 II. 391 8.9462 
| | i ig 40.18 31.56 11.816 9. 2806 
rf Sore .167 | .0625 .O4Q1 ; 
Te 2338 | 261 | .0077 .0767 4 41.65 BO it I2.250 9.6211 
3 478 3375 Wh” E1406 1104 a6 43.14 33.00") 12.60% 9.9678 
i 65 Sore .1Q14 .1503 2 44.68 35.00 13.141 10.321 
are 46.24 36.31 13.598 10.680 
5 .850 .667 . 2500 . 1963 
gs 1.076 845 | 3164 . 2485 3 47.82 750 14.063 IL.045 
$ 1.328 I.043 | . 3906 . 3068 RB 49.42 38.81 14.535 II.416 
a3 1.608 1.262 he ene Ee 3 51.05 40.10 15.016 11.793 
| ts 52.71 41.40 I5.504 12.177 
3 I.Q13 TCO? 5625 .4418 
fe 2.245 1.763 | 6602 5185 4 54.40 42.73 16.000 12.566 
eo 2.603 2.044 . 7656 6013 Gl 56.11 44.07 16.504 12.962 
ie 2.989 2.347 | 8789 .6903 3 57.85 45.44 17.016 13.364 
i6 59.62 46.83 17.535 13.772 
i 3.400 2.670 I.0000 . 7854 
vs 3.838 3.014 1.1289 . 8866 t 61.41 48.24 18.063 14.186 
a 4.303 3.379 1.2656 .9940 is 63.23 49.66 18.5098 14.607 
6 4.795 3.766 I. 4102 I.1075 S 65.08 it iit IQ.I4I 15.033 
| iG 66.95 52.58 19.691 15.466 
* Brora 4.173 | 1.5625 T2272 
Ys 5 O57, 4.600 Nie Sener, 1.3530 68.85 54.07 20.250 15.904 
‘ 6.428 5.049 | 1.8906 | 1.4849 fs 70.78 55.59 20.816 16.349 
FH 7.026 5.518 || 2.0664 | 1.6230 = HOS ae A, 21.391 16.800 
; 1 | 16 74.70 58.67 21.973 17.257 
7.650 6.008 || 2.2500 | ie 7O7 1 
16 | 8.301 6.520 [| 2.4474 Pens 2 Ong 60.25 22.563 iG OT 
eo | 8.978 | 7.OST } 2.6406 | 2.0739 13 78.74 61.84 23.160 18.190 
a 9.682 | 7.604 \) 928477 | 222365 4 80.81 63.46 23.766 18.665 
; : | | ae | 82.89 65.10 24.370 19.147 
x 10.41 8.178 | 3.0625 | 2.4053 
i | 1n.17 8.773 | 3.2852 2.5802 5 85.00 66.76 25.000 19.635 
5 | 11.95 | 9.388 Bas ESO 2.7612 ie 87.14 68.44 25.629 20.129 
ié 12.76 I0.02 Be 7580 2.9483 #3 89.30 70.14 26.266 20.629 
| | a 91.49 71.86 26.910 Die THA 
2 ‘ 13.60 | 10.68 4.0000 3.1416 
1 wate eennes 6 4.2539 3.3410 3 93-72 73.60 27.563 21.648 
. eG 12.06 1 4.5156 3.5466 is 95.96 75.37 28.223 22.166 
ss 16.27 | 12.78 | 4.7852 3.7583 3 98.23 Wipe is 28.801 22.691 
; | | is 100.5 78.05 29.566 23.221 
£ 1722 1S OSA 5.0625 3.9761 
16 18.19 | 14.28 5.3477 4.2000 3 102.8 80.77 30.250 PR His 
. | 19.18 | 15.07 5.6406 4.4301 te TO5 2 82.62 30.941 24.301 
6 2On20 | 15.86 5.9414 4.6664 $ 107.6 84.49 31.641 24.850 
as IIo 
2 DENS | 16.69 6.2500 4.9087 “ — pea ae 
16 a |) 27753 6.5664 eet 572 - SED), A 88.209 33.063 25.967 
. 23-43 | 18.40 || 6.8906 5.4119 ad 114.9 90.22 33-785 206.535 
16 24.56 19.29 || 7.2227 Be O727, t II7.4 O2mm7 34.516 27.109 
| 18 IIgQ. sit 2 
7 | as. Mone aes ao 9 94.14 35-254 27.088 
a | oe OTT | 7.9102 6.2126 6 122.4 96.14 36.000 28.274 
# jeez oetO 22.07 || 8.2656 6.4918 vs 125 98.14 36.754 28. 866 
ae 29.34 23.04 || 8.6289 Omri $ 12710 100.2 37.510 29.465 
3 ; | 3° 60 24.03 | Q . 0000 7.0686 = oe on ae soe 
% | Beets 25.04 | 9.3789 7.3662 3 Teno 104.3 39.063 30.680 
3 33-20 __ 26.08 os 9-7656 | 7.6699 : ve 135 106.4 39.848 31.206 
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TABLE 9.—WEIGHTS AND SECTIONAL AREAS OF SQUARE AND Rounp STEEL Bars. By THE CARNEGIE STEEL Co.—(Continued) 


Thickness or | Weight of Weight of Area of Area of Thickness or | Weight of Weight of Area of Area of 
diameter in | [] bari ft. | Obar 1 it. barin | Obar in diameter in L_] bar zr ft. | Obar 1 ft. bar in | Obar in 
ins. long long sq. Ins. Sq. ins. ins. long long sq. ins. sq. ins. 
3 138.2 108.5 40.641 31.9019 3 200.9 228.5 85.563 67.201 
a6 140.9 110.7 41.441 32.548 a 204.9 DBT 86.723 68.112 
3 298.9 DMG) 87.8091 69.029 
> 143.6 112.8 42.250 33.183 is 302.8 23°70 89.066 69.953 
ts 146.5 114.9 43.066 33.824 
- 149.2 7 43.801 34.472 3 300.8 241.0 | 90.250 70.882 
a TSoeT 119.4 44.723 B5tes fo 310.9 244.2 QL. 441 71.818 
5 
§ BISeO 247.4 92.641 72.760 
a 154.9 121.7 || 45.563 35.785 Ht 319.1 250.6 || 93.848 73.708 
16 157.8 123.9 || 46.410 36.450 
t 160.8 126.2 | 47.266 37.122 3 323.2 253.9 95.063 74.662 
45 163.6 | 128.5 | 48.120 37.800 13 327.4 257.1 96.285 75.622 
| | 7 
| 3 331.6 260.4 97.516 76.589 
7 166.6 130.9 || 49.000 38.485 is 335.8 263.7 98.754 77-501 
16 169.6 133.2 || 49.879 39-175 
3 172.6 125.6 | 50.766 39.871 Io 340.0 267.0 100.00 78.540 
is 175-6 | 137.9 51.660 40.574 v6 344.3 270.4 IOL.25 79-525 
| iL 
$ 348.5 273.8 102.52 80.516 
+ 178.7 140.4 52.5603 41.282 is 352.9 277k 103.79 81.513 
Ts 181.8 142.8 53.473 AT.997 
3 184.9 145.3 54.301 42.718 4 Bie 280.6 105.06 82.516 
ve 188.1 147-7 55-316 43.445 is 361.6 284.0 106.35 83.525 
3 
3 306.0 287.4 107.64 84.541 
3 IQl.3 150.2 || 56.250 | 44.179 5 370.4 200.9 108.94 85.562 
16 194.4 | 152.7 |! 57.r9r | 44.918 
107.7 155-2 || 58.141 45.664 i 374.9 294.4 ‘|| 410.25 86.590 
is 200.9 157-8 || 59.098 46.415 rc 379-4 297.9 TELS 87.624 
|| 2 83.8 or TL268 88 . 66 
8 393 30r.4 9 4 
- 204.2 160.3 || 60.063 | 47.173 ue 388.3 205.0) =|] 114.22 89.710 
r 207.6 163 || 61.035 47.937 
i 210.8 165.6 || 62.016 | 48.707 a 302.0 308.6 T15.56 90. 763 
St DLA 2 168.2 || 63.004 | 49.483 13 Bove 31252 116.91 91.821 
7 
& 402.1 315.8 TES eer 92.886 
8 20726 I7I.0 ! 64.000 | 50.265 43 406.8 BTM Sa DLO HOS 93.956 
6 225.0 T7SOmen ll LOS COANE I) 5TRO54 | 
$ | 224.5 176.3 || 66.016 | 51.849 II metazh || 9230 121.00 95.033 
is 228.0 179.0 || 67.035 | 52.649 i 416.1 326.8 122.38 96.116 
. | 3 420.9 330.5 123.77 97. 205 
z 231.4 181.8 || 68.063 | 53.456 % 425.5 Rev 2 125.16 98.301 
i6 234.9 184.5 || 69.098 | 54.269 
3 238.5 187.3. || 70.141 55.088 z 430.3 337-9 126.56 99.402 
16 242.0 LOO, Dee |e rR LOL 55-914 aan 435.1 341.7 127.97 | 100.51 
3 439.9 345-5 129.39 | Ior.62 
x 245.6 193.0 72.250 | 56.745 is 444.8 EV vl, Il Buetevntsy) |) akep iil 
is | 249.3 195-7 || 73.316 | 57.583 . 
3 Lm 952.9 198.7 || 74.391 | 58.426 2 449.6 353-1 132.25 | 103.87 
t¢ | 256.6 ZOMG OmmenN7 51 4175 59.276 6 454.5 357.0 133.69 | 105.00 
§ 459.5 360.9 135.14 106.14 
= 260.3 ‘| 204.4 || 76.563 | 60.132 i 464.4 364.8 136.60 107.28 
# 264.1 | 207.4 || 77.660 60.994 
3 267.9 210.3 78. 766 61.862 3 460.4 368.6 138.06 | 108.43 
té 271.6 213.3 79.879 62.737 13 A744 372.6 139.54 | 109.59 
Z 479.5 376.6 141.02 TLON TS 
9 275-4 216.3 81.000 63.617 45 484.5 380.6 142.50 | II1.92 
ds 270.3 219.3 82.129 64.505 
t 283.2 222.4 83.266 65.307 
7s 287.0 225.4 84.410 66.206 
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TABLE 12.—WEIGHTS OF FLAT ROLLED Strips, Hoop oR BAND STEEL 


TABLE 10.—WEIGHTS OF Brass, COPPER AND ALUMINUM Bars 
ain - i Pounds per Lineal Foot 


5 ] : 
ie Beas Copper Aluminum Thicknesses by Birmingham Wire Gage 
a ae : | 5 F One cu. ft. of steel weighs 489.6 lbs. 
C Weight tte. lbs: ht ft. lbs.,]| Weight per ft. lbs., : . 
pe ee : i Weae Ee : a For widths from } in. to 3 in. and thicknesses from No. 19 to No. 11 
flats | Round | Square Hexagon|| Round | Square |} Round | Square é B. W. G. 
ys | . OIL | .OI4 . 013 .O12 . O15 . 003 . 004 68 “os = ¢ es d ee ane a a8 ig 
4 -045 | 055 .048 .047 .060 O14 .or8 Width A mS H ne nes oe a a SS ® & 6 
a . 100 .125 108 106 135 032 O41 Fin Tey, 6a as 2 5 2 ‘3 S & . S S 3 S e 2 e 
3 175 225 194 189 241 057 072 22] 4* aa : ? ; ; ; 
a & ec 
oo se oe au 3208 meee Ses aed Pa KO || cones || Kevin |) ORS |] scGie || says |) Se | cOOE: || LOR 
17 108 
4 .038 044 052 059 065 075 086 098 
a fae | oe 436 -426 .542 aids ae “ oad || 047 "| rose |xo62 18.060. | momo al nto eetiate cm limenes 
Sage eed ace so28 BEST aes j a .042 | .049 | .059 | .066 | .073 | .084 | .096 | .110 | .12I 
3 +710 | = .905 773 Shs) 964 ee . 200 e 
9 - 
16 -900 £.5§ -978 .958 r.22 . 288 .367 a or Ons ra RS O77 088 aa: | RAR 
T..TO I.40 I.24 Pars Fast -356 -453 BS 
# 047 055 065 073 080 093 106 122 -134 
Hu Ta; I.72 I.45 1.43 1.82 -430 548 a Oo) be: 068 076 Be ee ie oe ae 
3 1.66 2.05 T2738 L.70 ee tl -516 AS ot 05 LOD: |), MDH Wa ih, 2 i j gece > 
13 
be see oo “i bene ae oS es 3 054 062 074 083 092 106 I2I 139 | .153 
1g ee 8 se — ape d Pie ae 28 056 065 077 | .086 096 110 126 145 | .159 
1 .4 SlS: a c 3-39 . B 058 068 080 .090 099 og I31 I51 - 166 
21 6 As8yf71 
I 2.85 3.65 3210: 3.03 3.86 .OIL I.16 os e6e ERY OHS | Wie Eos ce 136 i 1 
a : a . oe 2 a 3 is : - : 45 vs 052 | .073 .086 | .007 2107 23 .I41 162 .179 
on ec Swe ae me Pv Bs An 29 G55, | 075 | 080 ||| =100)| -r00 || 2528 |" 546: |er68o eanss 
eet he Ge es pao hae mre Axes ey BONA I) arya |) wor? |) sacoy.l 1) ames |. sy} |) cian |] ey || OE 
- : oe a . : : & CLefoy |! xe a all AKoYoVe || seme || oaedey | oie | coe | pio | as 
1% . 86 G22 F Ser 6.6 z 2.00 
a : 35 6.81 : ae : ae 7 ¥ : oh Bone 3 O71 - 083 .099 | . III eit || iwetng 102 185 204 
; ; : 3 : : ; $3 O74 || O80) ||. 102) | earned | 126) |e 146) letO7 nom meaTO) 
Iie 5.86 7.45 6.38 6.26 TOT 1.88 2.40 6 
si a7 8.13 5.08 68x 8.67 2.08 Pian 2 a 40 BY IP Somos |p onsieye No oeeKO cadKO |) 527/22 || any | 2x7 
1% Bion 8.83 7.54 735 9.41 ‘Be 2.83 “ye .07 oop || amos |) unre | oaaeyeb yl catkyeh I) 5 3cG/'77 3203u eee 
°. . 080 004 saqaae .124 . 138 . 159 . 182 208 . 230 
1§ 7.48 9.55 8.15 7.99 10.18 2.41 3.06 a 
1% 8.05 10.27 8.80 8.45 10.73 2.59 3580) B ae aes om nes Roe ae pe a eo 
12 8.65 II.00 9.47 9.27 Ir.80 2.79) Sabie a : = GID HY aS OLAS Bs oi) ‘ 6 i 
rit Oo Ee es a. HE He 12.43 De Bi 3 EXOD MN GRMOys |} XO Raceey i naeeKe) I) city? |] 2 iy p22 . 249 
1} 9.95 12.68 10.86 10.64 EQS 3.20 4.08 
§ . 089 . 104 m2 .138 w153 E70) . 202 2232 .255 
ey 10.58 13.50 Ir.68 bi Gah og 14.15 NAT 4.35 f ee os ee Oe ee as as: ot ae 
2 TP.25 14.35 I2.36 L250 I5.42 3.64 4.64 a cee pai - _ ae ee ie 2 a a +3 
2h 12.78 16.27 13.92 73.07 17.42 4. EL 5.24 ce Boo. . ks oat SHS | 6 ue oeIEG) OLE) || OBA 
2} 14.32 18.24 Tere || 15.33 19.51 4.61 5.87 Be Ra is 6 : 68 8 
2} 15.96 20.32 r7e52 17.08 PRSAG YA 5.14 6.54 Me ot ae PAKS) “15 on DSHS || oz »255 oI 
| $i “ sie) aeeeKey ih oudsty | nt MN asks || pear . 201 ~ 287, 
2 
a} 17.68 22.53 19.44 || 18.02 24.09 5.69 7.25 iH ~ 103 «120 | .t42 ae ee -203 "262 . 266 293 
2g 19.50 24.83 21.24 BOER 26.56 6.97 7.99 § LOS | 822) |S r4'Ss ie rO2) |) ar8 Onl zo7nleze7 27 Zee 300) 
as 21. A0 27.25 23.40 22,89 29.05 6&6 8.53 i SLOW MN el 25. | tA Ss | cOON | ers Aue olor «278, |) 2306 
7 
25 23.39 29.78 ee 25.02 see ree 9.58 To compute the weight of sheet iron on the basis of 480 lbs. per cu. ft. 
Piny 32.43 27.84 27.24 | 34.69 20 Rona s divide the thickness expressed in thousandths by 25. The result is the 
weight in Ibs. per sq. ft. 
3t 30.45 SS.7 7) 32.76 uO 40.71 9.62 £225; 
3} Sask 44.96 37.80 37.08 ATn22 II.16 14.21 
3i 40.07 51.01 43.56 42.11 53.61 12.81 16.31 
4 46.12 58.73 49.44 48.43 61.67 14.56 i8.56 


TABLE 11.—WEIGHT OF STEEL PLATES PER SQ. Fr. BoTH THEORETICAL 
AND WITH COMMERCIAL OVERWEIGHT ALLOWANCE 


: Theoretical Allowance for Adjusted 
Thickness , ; F 
: weight, overweight, plates weight, 
— | Ibs. o to 75 ins. wide lbs. 
5 75 ins. w S 
Per cent. 

35 7.65 Io 8.42 
a 10. 207 Io EL. 23 
a Wile 8 13.78 
3 LSS 7 16.38 
a6 17.86 6 18.93 
3 20.41 5 21.44 
is 22.96 43 24.00 
3 25.51 4 26.5 
a 28.07 25 29.20 
rn 30.62 32 30.80 
te 33-17 33 34.50 


HEAT 


The centigrade thermometer scale is a case of the blind worship 
of decimals. It possesses no advantage that can be discovered by 
any except its devotees, while the confusion due to its existence 
overbalances a hundredfold all the advantages that its advocates 
imagine they see in it. It has introduced two sets of temperature 
observations where there might have been one; it has made necessary 
countless conversions between observations where there might have 
been none, and to offset this it has introduced no compensating ad- 
vantage whatever. Every application of the following conversion 
formulas and tables is an illustration of the harm done by this fussy 
and amateurish attempt to improve a thing that did not need 


improvement as well as of the uniform result when metric and 
other hobby riders endeavor to change established standards of 
measurement. 

Conversions between the Fahrenheit and Centigrade scales may be 
made by the following formulas: 


Fel C+32 
5 

c=° (F- 
ee) 


in which #=reading by Fahrenheit scale, 
C=reading by Centrigade scale. 


TABLE 1.—EQUIVALENT TEMPERATURES—CENTIGRADE TO FAHRENHEIT. 


ce o | 10 20 30 40 50 60 70 80 go a | 
—200 — 328 — 346 — 364 —382 —400 —418 —436 —454 ik Bate Aae 
— 106 —148 —166 —184 —202 2120) 235 —250 —274 202 ao 
=0 +32 +14 —4 22 Vile) —58 —70 —94 ie —130 
fo) 32 50 68 86 104 122 140 158 176 104 
100 212 230 248 266 284 302 320 338 356 374 
200 392 410 428 446 404 482 500 518 536 554 
300 572 590 608 626 644 662 680 698 716 734 
400 752 770 788 806 824 842 860 878 896 O14 
500 932 950 968 986 1004 1022 ICc40 1058 1076 1094 
600 ELE? 1130 1148 1166 1184 1202 1220 1238 1256 1274 
700 1292 I3I0 1328 1346 1364 1382 1400 1418 1436 1454 
800 1472 1490 1508 1526 1544 1562 1580 1598 1616 1634 
900 1652 1670 1688 1706 1724 1742 1760 1778 1796 1814 
1900 1832 1850 1868 1886 1904 1922 1940 1958 1976 1904 
1100 2012 2030 2048 2066 2084 2102 2120 2138 2156 2174 
=200 2192 2210 2228 2246 2264 2282 2300 2318 2336 2354 (GaP il 185° 
1300 2372 2390 2408 2426 2444 2462 2480 2408 2510 2534 I 1.8 
1400 2552 2570 2588 2606 2624 2042 2660 2678 26096 2714 2 3.6 
1500 2732 2750 2768 2786 2804 2822 2840 2858 2876 2804 3 cer 
1600 2912 2930 29048 2966 2984 3002 3020 3038 3056 3074 4 Ge Ps 
1'700 3092 3110 3128 3146 3164 3182 3200 3218 3236 3254 5 9.0 
1800 3272 3290 3308 3326 3344 3302 3380 3398 3416 3434 6 |10.8 
1900 3452 3470 3488 3506 3524 3542 3560 3578 3596 3614 7 |12.6 
2000 3632 3050 3068 3686 3704 3722 3740 3758 3776 3794 8 |14.4 
2100 3812 3830 3848 3866 3884 3902 3920 3938 3956 3974 9 oe 
Io : 
1 2200 3002 4010 4028 4046 4004 4082 4100 41 18 4136 4154 
2300 4172 4190 4208 4226 4244 4262 4280 4208 4316 4334 
2400 4352 4370 4388 4406 4424 4442 4460 4478 4496 4514 
2500 4532 4550 4568 4586 4604 4622 4640 4658 4676 4604 
2600 A712 4730 4748 4766 4784 4802 4820 4838 4856 4874 
2 10 4928 4946 4064 4982 5000 5018 5036 5054 
ake ae Pape 5108 5126 5144 5162 5180 5198 5216 5234 
2900 5252 5270 5288 5306 5324 5342 5360 5378 5396 5414 
3000 5432 5450 5468 5486 5504 5522 5540 5558 5576 5594 
3100 5612 5630 5648 5666 5684 5702 5720 5738 5756 5774 
5 810 $28 846 5864 5882 5900 5918 5936 5954 
eso Ae ode 2008 Pos6 6044 6062 6080 6098 6116 6134 
3400 6152 6170 6188 6206 6224 6242 6260 6278 6296 6314 
3500 6332 6350 6368 6386 6404 6422 6440 6458 6476 6494 
3600 6512 6530 6548 6566 6584 6602 6620 6638 6656 6674 
6710 6728 6746 6764 6782 6800 6818 6836 6854 
sro | 68y2- | 6890 | 6908 | 6926 | 6044 | 6962 | 6080 | 6098 | 7016 | 7034 
3900 7052 7070 7088 7106 7124 7142 7160 7178 7196 7214 
fons oO 10 | 20 30 40 50 60 70 80 90 | 


= 


EXAMPLE: 1347° C. =2444° F. +12.6° F. =2456.6° F. 
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Tables 1 and 2 by Dr. Leonarp WALpo (Trans. A.I.M.E., 1911) © intervals by the supplementary tables of proportional Dantsweeliane 
are the most complete that have been prepared. Their range is tables are used precisely like tables of logarithms as illustrated by 
from absolute zero to the temperature of the electric arc. The the examples below them. 
equivalents for ro-deg. intervals are read directly and for 1-deg. 


TABLE 2.—EQUIVALENT TEMPERATURES—FAHRENHEIT TO CENTIGRADE 


Heavy Face Figures Indicate Recurring Decimals. 


; oa 
aoe 0 | 10 20 | 30 | 40 50 | 60 | 79 80 Oo 
C. C. | C. | (en Cc. C. Cc. c. Cc. Ge 
+400 | —240.0 245-5 lea a5 tk | —256.6 —262.2 = DOF 57 We tetten shetes ocsile GAN sree tear ee eg eee (ee meen 
—300 | —184.4 =a LOOKCE NTO SS | —201.1 — 206.6 252 a2 —217.7 SDD 0 8 —228.8 — 234.4 
—200 | —128.8 —134.4 | —140.0 | —145.5 —I51.1 —156.6 SHOR SHOP salle eyae) 176.8 
— 100 = WB08 —78.8 —84.4 | —g0.0 —95.5 —Io1.I 106.6 —I12.2 —1I17.7 —123.3 
—o —17.7 =OQ.8Y | SASK | gyi —40.0 —45.5 | —51.1 =50,6 =6272 Wy 
| | | 
° SUG eh See | —6.6 —r.r | +4.4 +10.0 | +15.5 HE Ow +26.6 +32.2 
| 100 Ba 43.3 | 48.8 Guach | 60.0 65.5 fies 76.6 82.2 Sp 7 
| 200 Ose ete) | —aieviccl || Geieaey || amas 20s 126.6 132),2 137.7 143.3 
300 TASES NNN GSH 4a ETOOLO NN NENETOS Ee 171.1 176.6 182.2 187.7 193.3 198.8 
| 400 204.4 | 210.0 Dist || yaa 226.6 232.2 237.7 243.3 248.8 254.4 
| 500 260.0 265.5 Ripe 3 276.6 282.2 | 2377, 2O8R3 | 298.8 304.4 310.0 
| 600 eas. Wl Zehr 326.6 332.2 S37 Taree 34303 e | 348.8 | 354.4 360.0 365.5 
700 37%2% | 370.6" | _ 38222 387.7 303-3 398.8 | 404.4 | 410.0 415.5 421.1 
800 A20AO MAG 2 2 2 Ao 7e7, 443.3 448.8 454.4 | 460.0 465.5 Ait at 476.6 
goo 482025) 487.57 |) 140353 498.8 504.4 SLOrO+ | 5E5a5 52ret 520.6 532.2 
| | | 
1000 | 537.7 543.3 | 548.8 | 554.4 560.0 565-5 ayret 576.6 582.2 587.7 Ee Cee 
II00 593-3 508-3 «9 00474 | 610,0° |) Ore 5 621.1 | 626.6 632.2 637.7 643.3 I | 0.5 
1200 GASES 65454) I GOoson I 66558 671.1 676.6 682.2 687.7 693.3 698.8 | ie. 3 
1300 704.4 GiCso Ws 775-5" I a y2t.t 726.6 732.2 TST 743-3 748.8 754.4 130g 
1400 760.0 765.5 | Tiitad oa) 77680 782.2 muio7 | WEB 798.8 804.4 810.0 AD 22a 
1500 815.5 82r.r | 826.6 832.2 | 837.7 843.3 | 848.8 854.4 860.0 865.5 Soe 7s 
1600 S7 Tek s \) ~870;0 | = 8822 887.7 | 803.3 898.8 904.4 910.0 915.5 g21.1 | Bok 
1700 926.6 932.2 | 937.7 943.3. | 948.8 954.4-| 960.0 | 965.5 g71.1 976.6 +7) 3.8 
1800 982.2 ogee 908-3 998.8 | 1004.4 TLOLGO) | LOUSE Sau LO2u an 1026.6 LOSI 8 | 4.4 
1900 LOZ 77) al LO4S eg SlOAS. S LOSAGAy | LOGO Oo I TOOSe 5 i LO tar aul tO710"0 1082.2 1087.7 @ |S. 
| | | 
2000 1093.3 | 1098.8 1104.4 TLLOROn | ere rses LI2E. 1 TT205 0) 9] Webinator ov7En7, EASES 
2100 1148.8 1154.4 1160.0 TPLOSA Se ie elk lar 117.0% Os 2 2 TUS 707 | 1193.3 1198.8 
2200 1204.4 1210.0 205.5 1221.4 | 1226.6 WOR ||| Pek || ARB 1248.8 1254.4 
2300 | 1260.0 1265.5 ae. 3 1276.6 | 1282.2 | 1287.7 1293.3 | 1298.8 1304.4 1310.0 
2400 1315.5 1321.1 1326.6 1332-2) ||) 1337707 1343.3 1348.8 | 1354.4 1360.0 1365.5 
2500 | 1371.1 1376.6 1382.2 1387.7 | 1303-3 | 1398.8 1404.4 1410.0 T415.5 TAL = 5 
2600 1426.6 TAG2 22 1437.7 | 1443.3 | 1448.8 1454.4 1460.0 1465.5 1471.1 1476.6 
2700 | 1482.2 1487.7 1493.3 1498.8 1504.4 1510.0 1515.5 TT it 1526.6 TeaGOn2) 
2800 | 1537.7 1543.3 1548.8 1554.4 | 1560.0 EEOC Sy || AUS7/iU ht 1570.6 1582.2 1587.7 
2900 1503-3 1508.8 1604.4 HOD) | WORSSy || mown 1 | 1626.6 1632.2 L63727 1643.3 
3000 1648.8 1654.4 1660.0 | 1665.5 | 1671.1 1676.6 | 1682.2 1687.7 1693. 1698.8 
: | 93-3 9 
3100 1704.4 1710.0 Goa) || aaa || aeALOIO TB 22 1737.7 1743.3 1748.8 1754-4 
3200 | 1760.0 1765.5 Ae) GON, |) AD |) ae 27 1793-3 1798.8 1804.4 1810.0 
3300 1815.5 1821.1 1826.6 | 1832.2 *| 1837.7 1843.3 1848.8 1854.4 1860.0 1865.5 
3400 1871.1 1876.6 1882.2 | 1887.7 1893.3 1898.8 1904.4 1910.0 I9I5.5 1921.1 
| | 
3500 1926.6 1932.2 | 1037.7 | 1943-3. | 1948.8 1954.4 1960.0 1965.5 I 
| ; : : Oyu. 3 1976.6 
3600 1982.2 1987.7 | 1993.3 1998.8 | 2004.4 2010.0 2015.5 2021.1 2026.6 2032 .2 
Si oO 10 | 20 | 30 | 40 50 60 70 80 90 3 


Examples: —246.0° Pe rere Ce. 62° jars itso” (Cl oC = ° Og ~ 
666° C.4+1.666° C.+.277° C.=1328.609° C. i ESE eC ek al ae 
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TABLE 2.—EQUIVALENT TEMPERATURES—FAHRENHEIT TO CENTIGRADE—(Continued) 
Heavy Faced Figures Indicate Recurring Decimals 


° | eo 
F, | ° 10 | 20 30 40 50 60 70 | 80 90 
pa : Cc. Cc: (Os Ce Cc. Ce C. Cc. C. C. 
37 2037.7 2043.3 2048.8 2054.4 2060.0 2065.5 2071.1 2076.6 2082.2 2087. 
3800 2003.3 2098.8 210 
Sees oe 4.4 2110.0 2TI5.5 enor Tt 2126.6 2132.2 213717, 2143.3 
9 45. 2154.4 2160.0 2105.5 Dinlpit sal 2176.6 DIEM), 2187.7 2193.3 2198.8 
4000 2204.4 2210.0 2215. Bite 3 
tee Sees eee a4 5 ie : ee ace 2237.7 2243.3 2248.8 2254.4 
ane sees nerer ne 276. 2282.2 2287.7 2203.3 2298.8 2304.4 2310.0 
xa pees a ea 23206. AED) Pe ahd 2343.3 2348.8 2354.4 2360.0 2305.5 
ee ae 370. PROV IAD 2387.7 2303.3 2308.8 2404.4 2410.0 2415.5 2421.1 
420. 2432.2 2437.7 | 2443.3 | 2448.8 | 2454.4 | 2460.0 | 2465.5 | 2471.1 2470.6 
a ane 2487.7 2403.3 2408.8 2504.4 2510.0 2515.5 | 2521.1 2526.6 2532.2 
y aL 2543-3 2548.8 2554.4 2560.0 2565.5 2571.1 2576.6 2582.2 2587.7 
Ses es = : 2604.4 2010.0 2615.5 OE a 2626.6 2632.2 2037.7 2643.3 
fo es 2054.4 2660.0 2665.5 2671.1 2676.6 2682.2 2687.7 2693.3 2698.8 
704.4 2710.0 2715.5 PAPA 2726.6 D7 RO 2 2737.7 2743.3 2748.8 2754.4 
5000 2760.0 B7OSe5 | | ey yr Tk 2776.6 278 3 5 
| 776. 2782.2 2787.7 2703.3 2798.8 | 2804.4 2810.0 |F.°| C. 
ae ea ee 2826.6 2832.2 Boa 77) 2843.3 2848.8 2854.4 2860.0 2805.5 TeOns 
aoe g bees 287 2882.2 2887.7 2803.3 2808.8 2904.4 2910.0 2915.5 2921.1 2alet aT 
oS oS : 2954 2 2037.7 2943.3 2048.8 2054.4 2960.0 2965.5 2071.1 207 OOS aenO 
2082.2 2087.7 2093.3 2908.8 | 3004.4 3010.0 3015.5 3021.1 3026.6 3032.2 ZEA 29% 
} | 
5500 SOS Tne 3043.3 3048.8 3054.4 3060.0 065. O71.1 6.6 8 
>i Seta 3008.8 3104.4 310.0 3115 5 pols: ar. es Sie ee 2 sae! 
oe weak 3154.4 | 3160.0 3165.5 Cues 3176.6 3182.2 3187.7 DOS: 3198.8 Gf \\ Bats) 
a sees 3210.0 3215.5 S2erer 3226.6 B2322 Boekel yy 3243.3 3248.8 3254.4 8 | 4.4 
59 a Sang 3265.5 | 3271.1 3276.6 3282.2 3287.7 3293 3 3298.8 3304.4 3310.0 | 9 | 5-0 
6000 | 3315.5 3321.1 | 3326.6 
| 332 21.I | 3326. 3332.2 3337-7 3343-3 3348.8 3354-4 3360.0 3365.5 
pane a 3376.6 3382.2 3387.7 3393-3 3398.8 3404.4 3410.0 3415.5 3421.1 
ul 343 : 3432.2 | 3437.7 3443.3 3448.8 3454.4 3460.0 3465.5 3471.1 3476.6 
. ee eee 3487.7 3493-3 3408.8 3504.4 3510.0 3515.5 3521.1 3526.6 3532.2 
4 | 3537-7 3543-3 3548.8 3554-4 3500.0 3505.5 3571.1 3576.6 3582.2 3587-7 
6500 3503.3 3598.8 3604.4 6 
593 5 4. 3610.0 3615.5 3621.1 3626.6 3632.2 3637.7 3643.3 
ile | 3648.8 3054.4 3660.0 3665.5 3671.1 3076.6 3682.2 3687.7 3693.3 3608.8 
ie | 3704.4 3710.0 | 3715.5 S72aeT 3726.6 3732.2 3137-7. 3743.3 3748.8 3754-4 
| 3760.0 3765.5 | 3771.1 3776.6 3782.2 3787.7 3793-3 3798.8 3804.4 3810.0 
6900 | 3815.5 3821.1 3826.6 3832.2 AAG 3843.3 3848.8 3854.4 3860.0 3865.5 
7900 Sov tot 3876.6 3882.2 3887.7 3803.3 3898.8 3904.4 3910.0 3015.5 3921.1 
7100 | 3920.6 3032.2 3937-7 3943.3 3948.8 3954.0 3960.0 3905.5 3971.1 3976.6 
7200 | 3982.2 3987.7 3903.3 3998.8 4004.4 4010.0 4015.5 4021.1 4026.6 4032.2 
7300 | 4037.7 4043.3 | 4048.8 4054.4 4060.0 4065.5 4071.1 4076.6 4082.2 4087.7 
7400 |. 4093.3 4098.8 4104.4 4110.0 4115.5 4t2r.t 4126.6 AERO 4137.7 4143.3 
7500 4148.8 | 4154-4 | 4160.0 4165.5 ALT tet 4176.6 4182.2 4187.7 4193.3 4198.8 
7600 4204.4 4210.0 4215.5 4221.1 4226.6 4232.2 AOR fal 4243.3 4248.8 | 4254.4 
7700 4260.0 4265.5 4271.1 4276.6 4282.2 4287.7 4203.3 4208.8 4304.4 4310.0 
sao 4315.5 4321.1 4326.6 4332.2 4337-7 4343-3 4348.8 4354.4 4360.0 4365.5 
7900 | 4371.1 | 4376.6 4382.2 4387.7 4393.3 4308.8 4404.4 4410.0 4415.5 | 4421.1 
i as fo) 10 | 20 30 40 | 50 | 60 70 80 go 
TaBLE 3.—KILOGRAM CALORIES, EQUIVALENT TO BRITISH THERMAL UNITS 
British thermal o I ae g | 40 5 6 7 8 9 British thermal 
fo) Paks eta nea. . 504 .756 1.008 1.260 Te U2 1.764 2.016 2.268 ° 
pte) ro 2772 3.024 2270 3.528 3.780 4.032 4.284 4.536 4.788 Io 
20 5.04 5.292 5.544 5-796 6.048 6.300 6.552 6.804 7.056 7.308 20 
30 ee 7050 7.812 8.064 8.316 8.568 8.820 9.072 9.324 9.576 | 9.828 30 
40 10.08 | 10.332 | 10.584 | 10.836 | 11.088 | I1.340 | I1.592 11.844 | 12.096 | 12.348 40 
50 12.60 | 12.852 | 13.104 | 13.356 | 13.608 | 13.860 | 14.112 | 14.364 | 14.616 14.868 50 
60 15.12 | 15.372 | 15.624 | 15.876 | 16.128 | 16.380 LOMOZ2 9) 10,804) |er7er309 | 172388 60 
70 17.64 | 17.892 | 18.144 | 18.396 | 18.648 18.900 | 19.152 | 19.404 | 19.656 | 19.908 70 
80 20.16 | 20.412 | 20.664 | 20.916 | 21.168 | 21.420 | 21.672 | 21.924 Dy wey) || DA re: 80 
go 22.68 | 22.932 | 23.184 | 23.436 23.688 | 23.940 | 24.192 | 24.444 24.696 | 24.948 go 


1 British thermal unit = 251.996 therms, or gram calories. 


. 
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TABLE 4.—MELTING-POINTS OF METALS AND OTHER SUBSTANCES 


These melting-points were collected by Dr. G. K. Burgess, of the Bureau 
of Standards, Washington, D. C. Those shown in CAPITALS are accepted 


by the Bureau as standard at this time (1011). 


These melting-points were obtained on the purest metals obtainable. 


Lower melting-points may be expected with metals of less purity. 


Fahrenheit Centigrade 

degrees degrees 
AS UMUDINGGIM ee erences eee 1216 658 
ACNEISEMEOIN Wak seauae) ate fees Sear 1166 630 
NE SCNIC nics seein coer ae ee 1472 800 
BismuUthiseraoce ce acne ee 518 270 
CO VETU Me tae seek 610 321 
Wal Glu mane sme A Soe gees 1481 805 
CHrOMIU Matec 3 eee 2741 1505 
COBALT taccteyao2.54)se ee: 2714 1490 
COBP-EI Rese cite acini 1981 1083 
CQOIMIDG. Swatae sacar ca ocx 1045 1063 
midiuimn (eens ccc cere or ae 4172 2300 
UNO} anepposae inn tatarcone 2768 1520 
WAH EN DEG res a Seas ears 621 327 
MRE 5 do wacom eda mao 1204 651 
Mane anes meee oe eee: 2237 1225 
VIER ICIS Vae ere a en a ease 38 39 
Moly dentine (r,) pe eee 4532 2500 
IN ICG 28) OF Bae eae ge ere Ae 2642 1450 
IPANDILAMDINUIME. 65s a ees on 2 2822 1550 
HOSPROGUS seem ace ee aes III 44 
Te ASTRTON WIM oie ects ee ce 3191 1755 
ROWAS SWIM ieee. sees 144 62 
Rhodiima (eens eee 3452 1900 
SHICSit i sar Siar Seon 2588 1420 
SILVER are yee 1762 961 
3.0) BI NUR ie Ca cme aie cea 207 97 
Blvarit alii ((P)) mere cee ere 5252 2900 
EINK G co Spon 5 Sere een gece 450 232 
Inez aii (Qyeccososesae sa a2 3362 1850 
SUING STEIN I sence. clea: 5432 3000 
Wiraniuininn ses <5 h e 4352 2400 
Nanadiam (?) 0 sc.222 025 22 3182 1750 
LAIN CMP te Seer tN tas athe See 786 410 

(2) Doubtful 

SoME OTHER MELTING-POINTS 
CILUESieana deat es See 1832 1000 
GLASS, LEAD FREE....... 2192 1200 
IDI SU GEN. AVEO DM bps 8 oe ee 1742 950 
BARIUM CHLORIDE...... 1635 891 
POTASSIUM CHLORIDE... 1325 718 
SODIUM CHLORIDE....... 1472 800 
Sul ph urements) etieee if 237 { 114 
248 L120 
Fusible metals: 

Teco lead tebe clon ocr acts 361 183 
AMUN EMLCA Ceca eee se 304 Tiss! 
[ule Oo GAG Leese aes Bisa eee 275 135 
4 tin, 4 lead, 1 bismuth....... 263 128 
3 tin, 5 lead, 8 bismuth...... 212 100 
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TABLE 5.—LINEAL EXPANSION OF SOLIDS AT ORDINARY 
TEMPERATURES 
British Board of Trade—from Clark’s Manual of Rules, Tables and Data 


For 1 deg. For 1 deg. 
Fahr. Cent. 
(Length—1r) 

Adtuminiit (CASG) euitetac nas cavane aie ues dente eee . 00001234 00002221 
IBEASS! (CAST) Ie ees fexcd care ePeus tree kere te Seen ae eT . 00000957 . 00001722 
Brass! (plate): ercteecs es fe en i co On ee . 00001052 . 00001894 
Bronze: (copper, tin.23, Zinc ra) eava.c sete ee ieee . 00000986 . 00001774 
Bismttthi..) 2 ctctoete ctekerouocne 41618 0 ere ee Rees do 000009075 - 00001755 
Cement, Portland * (mixed) purest. eee . 00000594 . 00001070 
Concrete (cement, mortar and pebbles)......... . 00000795 . 00001430 
COPPER sins cie ree cic are eee OE a aes ae . 00000887 . 00001596 
Glass; Prelishotintr avec cover eee ne eee 00000451 . 00000812 
Glass, thermoimet enw sc conse cistitn ce ee ee . 00000499 . 00000897 
Glass Shar dig Ser scene sie te ee eee eee . 00000397 . 00000714 
Gold pur eS a sins neces arco ah epee aes ot SCR . 00000786 .OOOOI4I5 
TrOny Wrouchte tse acncte oe es tee ee eee .00000648 . 00001166 
WrOn-CAstict xc eeatetnccra oh ae Dee UN ee 00000556 . OOOOIOOI 
Lead arse satiate taten is har tel eee ete dee ee .OO0O0OI571 . 00002828 
Mercury, (cubicaliexpansion)) -eee se ere - 00009984 . 00017971 
Nickel? ats c.atuapacisal ce} stor Cee ee Ree .00000695 .OO0O00I25I 
Platina. a ae pieiets. cot Ou een rr ace . 00000479 . 00000863 
IPM sesNe baal OAS SoeuesheNNES A, ows cba an an aabaunes . 00000453 . 00000815 
Porcelain sc Gytideg: ee Cee ee eee . 00000200 . 00000360 
Silver; Pures muceateimer Os Me ee . 00001079 . 00001943 
Steel east. mcr epee ue eA Se oo ere . 00000636 .OOOOII44 
Steels temperedhs aececs an Nea es OO ee *.00000689 . 00001240 
DED terane 2G Tete as cat ets ge eee SIRE eh PR . OOOOI163 - 00002004 
Woods pines ass sane aaa ee ees . 00000276 . 00000496 
ZAC Te Seis Re OETA ee . OOOOI407 . 00002532 
ZANCiRitinn Tac ere enn en erctee eee ie ae - 00001496 . 00002692 


The transmission of heat through metallic tubes, according to the 
report of the Research Committee A. S. M. E. (Trans. A. S. M. E., 
Vol. 33) may be determined from the following table of constants: 


B.t.u. transmitted 
per sq. ft. per 
Conditions hour, per deg. 
Fahr. difference 
of temperature 
From flue gas to water under the conditions existing in 2 
economizers. 
From flue gas to boiling water under boiler conditions pao) 
(feed heated to steam temperature). 
From flue gas to steam or air under superheater or air-heater 4 
conditions. 
From hot air to colder water under air-cooler conditions. . . 4 
From condensing steam to water under surface condensing I500 
conditions, no air present. 
When an ordinary amount of air is present.............. 500 to 600 


The heat transfer capacity of metallic tubes is so largely in ex- 
cess of the heat that can be brought in contact with the tube surfaces, 
that the material of the tube has little to do with the amount of 
heat transferred. 


STEAM BOILERS 


The horse-power of boilers is, in a sense, a misnomer, as that term is 
a measure properly applicable only to dynamic effect. But as 
boilers are necessary to drive steam engines, the same measure ap- 
plied to steam engines has come to be universally applied to the 
boiler, and cannot well be discarded. 

The standard adopted by the judges at the Centennial Exhibition, 
of 30 lbs. water per hour, evaporated, at 70 lbs. pressure, from 
too deg., for each horse-power, is a fair one for both boilers and 
engines, and has been favorably received by engineers and steam 
users generally. The Centennial standard is practically equivalent 
to the evaporation of 34} lbs. of water from and at 212 deg. Fahr. 
per hour. Expressed in this form it has been endorsed by the 
American Society of Mechanical Engineers. 

Square feet of heating surface is no criterion as between different 
styles of boilers—a square foot under some circumstances being 
many times as efficient as in others; but when an average rate of 
evaporation per sq. ft. for any given boiler has been fixed upon 
by experiment, there is no more convenient way of rating the power 
of others of the same style. The following table gives an approxi- 
mate list of sq. ft. of heating surface per h.p. in different styles 
of boilers, and various other data for comparison: 


HEATING SurFACE Per H.P. oF STEAM BOILERS 
From Steam by Permission of the Babcock and Wilcox Co. 


Sa. ft. | 
of Coal per Relative 
F heating | sq. ft. |Relative | rapidity : 
aires Se hates surface | H.S. per | economy|of steam- ON 

for 1 hour | ing 

h.p. | 
Wrater-tube:........... 10 to 12 3 | 1.00 I.00 Isherwood 
0 NDE ee ee | 14 to 18 2 Seeiil -9I .50 Isherwood 
LS ae 8 to 12! | .79 —25 Prof. Trow- 
Plain cylinder......... 6to10 AS | -69 | .20 bridge 
(Locomotive............| 12 to.16 ors: | .85 5S 
Vertical tubular...... .| I5 to 20} E25 .80 .60 


By general consent the best digested official rules for the strength 
of steam boilers are those of Massachusetts, from which the follow- 
ing abstract has been taken: 

Steel shall be made by the open-hearth process, and will be con- 
sidered as manufactured by the basic method unless the report of 
test states that the acid method has been used. 

All plates and rivets used in the construction of steel shells or 
drums of boilers shall be as specified by the American Society for 
Testing Materials, adopted 1gor. 

There shall be three classes of open-hearth boiler plate and rivet 
steel, namely, flange or boiler steel, fire-box steel and extra 
soft steel, which shall conform to the limits in chemical composition 
given in Table 1. 


TABLE 1.—CHEMICAL COMPOSITION OF BOILER MATERIALS 


| Flange or | Fire-box Extra soft 
| boiler steel steel (per steel (per 

(per cent.) | cent.) cent.) 
Phosphorus shall not exceed ..: J| Acid, -06 Acid, sas Acid, 04 
Basic, .04 Basic, .03 Basic, .04 
Sulphur shall not exceed......... .05 .04 04 
MEANS IMESE. con cas a aeee eee aes .30 to .60 .30 to .50 H30 To. .50 


Steel for boiler rivets shall be of the extra soft class. 

The three classes of open-hearth boiler plate and rivet steel— 
namely, flange or boiler steel, fire-box steel and extra soft steel— 
shall conform to-the physical qualities given in Table 2. 


TABLE 2.—PHYSICAL PROPERTIES OF BOILER MATERIAL 


Extra soft 
steel 


Fire-box 
steel 


Flange or 
boiler steel 


Tensile strength, lbs. 
per sq. in. 


55,000 to 65,000 | 52,000 to 62,000 | 45,000 to 55,000 


Yield point, in lbs. Ao + TS. 3 TAS. 
per sq, in., shall not 
be less than, 

Elongation per cent. 25 26 28 


in 8 ins. shall not be 
less than, 


For material less than 3°; in. and more than 3 in. in thickness the 
following modifications shall be made in the requirements for 
elongation: 

(a) For each increase of } in. in thickness above 2 in. a deduction 
of x per cent. shall be made from the specified elongation. 

(6) For each decrease of 7 in. in thickness below ;3; in. a deduc- 
tion of 23 per cent. shall be made from the specified elongation. 

The three classes of open-hearth boiler-plate and rivet steel shall 
conform to the following bending tests; and for this purpose the 
test specimen shall be 1} ins. wide, if possible, and for all material 
# in. or less in thickness the test specimen shall be of the same thick- 
ness as that of the finished material from which it is cut, but for 
material more than # in. thick the bending test specimen may be 
2 in. thick. 

Rivet rounds shall be tested of full size as rolled. 


co] 
a 
a& 
hy oer iS Parallel Section pated 
je---3— nae not less than 9” 4 
1 


2 


Fic. 1.—Standard test piece of 8 ins. gaged length, piece to be of 
same thickness as plate. 


(c) Test specimens cut from the rolled material, as specified 
above, shall be subjected to a cold bending test and also to a quenched 
bending test. The cold bending test shall be made on the material 
in the condition in which it is to be used, and prior to the quenched 
bending test the specimen shall be heated to a light cherry red, as 
seen in the dark, and quenched in water, the temperature of which 
is between 80 deg. and go deg. Fahr. 

(d) Flange or boiler steel, fire-box steel and rivet steel, both before 
and after quenching, shall bend cold 180 deg. flat on itself without 
fracture on the outside of the bent portion. 

For fire-box steel a sample taken from a broken tensile test speci- 
men shall not show any single seam or cavity more than } in. long 
in either of the three fractures obtained on the test for homogeneity, 
as described below. : 

The standard test specimen of 8 in. gaged length shall be used 
to determine the physical properties. The standard shape of the 
test specimen for sheared plates shall be as shown in Fig. 1. 

For other material the test specimen may be the same as for 
sheared plates, or it may be planed or turned parallel throughout 
its entire length; and in all cases, where possible, two opposite sides 
of the test specimens shall be the rolled surfaces. Rivet rounds and 
small roiled bars shall be tested of full size as rolled. 
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One tensile test specimen will be furnished from each plate as it 
is rolled, and two tensile test specimens will be furnished from each 
melt of rivet rounds. In case any of these develops flaws or breaks 
outside of the middle third of its gaged length, it may be discarded 
and another test specimen substituted therefor. 

For material $ in. or less in thickness the bending test specimen 
shall have the natural rolled surface on two opposite sides. The 
bending test specimens cut from plates shall be 13 ins. wide, and for 
material more than 2 in. thick the bending test specimen may be 
3 in thick. The sheared edges of bending test specimens may be 
milled or planed. The bending test specimens for rivet rounds shall 
be of full size as rolled. The bending tests may be made by pressure 
or by blows. 

One cold bending specimen and one quenched bending specimen 
will be furnished from each plate as it is rolled. Two cold bending 
specimens and two quenched bending specimens will be furnished 
from each melt of rivet rounds. The homogeneity test for fire-box 
steel shall be made on one of the broken tensile test specimens. 

The homogeneity test for fire-box steel is made as follows: A por- 
tion of the broken tensile test specimen is either nicked with a chisel 
or grooved on a machine, transversely about jg in. deep, in three 
places about 2 ins. apart. The first groove should be made on one 
side 2 ins. from the square end of the specimen; the second, 2 ins. 
from it on the opposite side; the third, 2 ins. from the last, and on 
the opposite side from it. The test specimen is then put in a vise, 
with the first groove about { in. above the jaws, care being taken to 
hold it firmly. The projecting end of the test specimen is then 
broken off by means of a hammer, a numtber of light blows being used, 
and the bending being away from the groove. The specimen is 
broken at the other two grooves in the same way. The object of 
this treatment is to open and render visible to the eye any seams due 
to failure to weld up, or to foreign interposed matter or cavities due 
to gas bubbles in the ingot. After rupture, one side of each fracture 
is examined, a pocket lens being used, if necessary, and the length 
of the seams and cavities is determined. 

For the purposes of this specification the yield point shall be de- 
termined by the careful observation of the drop of the beam or halt 
in the gage of the testing machine. 

In order to determine if the material conforms to the chemical 
limitations prescribed above, analysis shall be made of drillings 
taken from a small test ingot. An additional check analysis may 
be made from a tensile specimen of each melt used on an order, other 
than in locomotive fire-box steel. In the case of locomotive fire- 
box steel a check analysis may be made from the tensile specimen 
from each plate as rolled. 

The variation in cross-section of weight of more than 23 per 
cent. from that specified will be sufficient cause for rejection, except 
in the case of sheared plates, which will be covered by the following 
permissible variations: 

(e) Plates 123 lbs. per sq. ft. or heavier, up to 100 ins. wide, when 
ordered to weight, shall not average more than 23 per cent. variation 
above or 23 per cent. below the theoretical weight; when 100 ins. 
wide and over, 5 per cent. above or 5 per cent. below the theoretical 
weight. 

(f) Plates under 124 lbs. per sq. ft., when ordered to weight, shall 
not average a greater variation than the following: Up to 75 ins. 
wide, 23 per cent. below the theoretical weight; 75 ins. wide up to 
100 ins. wide, 5 per cent. below the theoretical weight; when 100 
ins. wide and over, ro per cent. above or 3 per cent. below the theo- 
retical weight. 

(g) For all plates ordered to gage there will be permitted an aver- 
age excess of weight over that corresponding to the dimensions on 
the order equal in amount to that specified in Table 3. 

All finished material shall be free from injurious surface defects 
and laminations, and must have a workmanlike finish. 

Each plate shall be distinctly stamped by the manufacturer with 
the heat number. 
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TABLE 3.—ALLOWANCES FOR OVERWEIGHT FOR RECTANGULAR 
PLATES WHEN ORDERED TO GAGE 
[Plates will be considered up to gage if measuring not over ss in. 
less than the ordered gage. The weight of 1 cu. in. of rolled 
steel is assumed to be .2833 lb.] 
Plates + In. and Over in Thickness 


Width of plate 


Thickness of plate, ; = ; 
ey Up to 75 ins., 75 to 100 ins., Over 100 ins., 
per cent. per cent. per cent. 
t Io 14 : 18 
a3 8 | 12 16 
Ff 7 10 13 
vs 6 8 Io 
> 5 7 9 
16 43 63 84 
3 4 6 8 
Over § 34 5 ‘ 6% 


Each_ plate shall be distinctly stamped by the manufacturer in 
at least five places in the following manner: At the four corners, at 
a distance of about 12 ins. from the edges, and at or near the center 
of the plate, with the name of the manufacturer, place where manu- 
factured, brand and lowest tensile strength. 

Each head shall be distinctly stamped by the manufacturer on 
each side with the name of the manufacturer, place where manu- 
factured, brand and lowest tensile strength; stamps to be so located 
as to be plainly visible when the head is finished. 

Shells, drums and butt straps shall be of open-hearth fire-box 
steel, as specified above. 

Heads, combustion chambers, furnaces, or any plates that require 
staying or flanging, shall be of open-hearth flange, fire-box or extra 
soft steel, as specified above. 

Rivets shall be of open-hearth extra soft steel, as specified above. 

Cast steel for use in boiler and steam superheater mountings, 
manhole frames, steam pipe, fittings, side lugs, or any other parts of 
boilers or superheaters where cast steel is used, shall not have less 
than 50,000 lbs. tensile strength. 

Cast-iron for use in boiler mountings, steam-pipe fittings, side 
lugs, or any other parts of boilers where cast-iron is permitted to be 
used, shall not have less than 18,000 lbs. tensile strength. 

Cross pipes connecting the steam and water drums of water-tube 
boilers, and cross boxes, shall be of wrought or cast steel when the 
working pressure exceeds 160 lbs. per sq. in. 

Mud drums of water-tube boilers shall be of wrought or cast steel 
when the working pressure exceeds 160 lbs. per sq. in. 

Pressure parts of superheaters, attached to boilers or separately 
fired, shall be of wrought or cast steel when the working pressure 
exceeds 50 lbs. per sq. in. 

Boiler and superheater mountings, such as nozzles, cross pipes, steam 
pipes, fittings, valves and their bonnets shall be of wrought or cast 
steel when exposed to steam which is superheated over 80 deg. Fahr. 

Waterleg and door-frame rings of vertical fire-tube boilers 36 ins. 
or over in diameter, shall be of wrought or cast steel, or wrought iron. 

Waterleg and door-frame rings of locomotive-type boilers shall 
be wrought or cast steel, or wrought iron. 

The resistance to crushing of mild steel shall be taken at 95,000 
Ibs. per sq. in. of cross-sectional area. 

The maximum shearing strength of rivets per sq. in. of cross-sec- 
tional area shall be taken as in Table 4. 


TABLE 4.—SHEARING STRENGTH OF RIVETS PER Sq. In. 


Lbs. 
Iron rivets in single shear.............. . 38,000 
Iron rivets in double shear... . 70,000 
Sleelmmivetswupsinel crcl cai es 42,000 
Steel rivets in double shear........ 54023 GELISO 


Table 5 gives the allowable shearing strength of rivets from oallle 
to 17g ins. in diameter, in pounds. 
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TABLE 5.—SHEARING STRENGTH oF RIVETS 


#% in.| din. | 48 in.| Zin. | 38 in. 11s ins. 
Diameter of rivet after driving |.6875 | .75 |.8r25 |.875 -0375 |1.0625 
Cross-sectional area of rivet |.3712 |.4418 |.5185 |.60r3 |. 6903 |.8866 

after driving. sq. in. | sq. in. | sq. in. | sq. in.| sq. in. | sq. in. 


Allowable shearing strength, in lbs. 


Pron, Sinple shear. ce acde, os <ta. 14,106} 16,788] 19,703] 22,849] 26,231| 33,601 
Tron; double shear,<,.......... 25,984] 30,926) 36,205] 42,001] 48,321| 62,062 
Steel, single shear..............! 15,590] 18,556) 21,777] 25,255 28,003] 37,237 
Steel, double shear........ .. | 28,054] 34,460] 40,443] 46,001] 53,843] 60,155 


Th. lowest factors of safety used for boilers, the shells or drums 
of which are exposed to the products of combustion and the longi- 
tudinal joints of which are of lap-riveted construction, shall be as 
follows: 

(a) Five for boilers not over ten years old. 

(b) Five and five-tenths for boilers over ten and not over fifteen 
years old. 

(c) Five and seventy-five hundredths for boilers over fifteen and 
not over twenty years old. 

(d) Six for boilers over twenty years old. 

(e) Five for boilers, the longitudinal joints of which are of lap- 
riveted construction and the shells or drums of which are not exposed 
to the products of combustion. 


TABLE 6.—AREAS OF GRATE SURFACES IN SQ. Fr. FOR OTHER 
THAN SPRING-LOADED SAFETY VALVES 


Maximum pressure allowed per sq. in. Zero to Over 25 to} Over 50 to 
on the boiler 25 lbs. 50 lbs. roo lbs. 
Diameter of valve |Area of valve | : 
Se ee : Area of grate in sq. ft. 
in ins. in sq. ins. 
I | -7854 I.50 | 3 ayer fist 2.00 
1} 1.2272 2.25 2.50 3.00 
14 1.7672 3.00 3-75 4.02 
2 3.1416 5.50 6.50 7.00 
24 | 4.9087 8.25 10.00 II.00 
| 
3 | 7.0686 TRARY Wi 14.25 16.09 
33 9.6211 | 16.00 | 19.50 Die ks 
4 re 5660,.8 | se 2rs00) |) 25)550 28.25 
4} | 15.9040 26.75 32.50 36.00 
5 19.6350 32:75 | 40.00 44.00 


TABLE 7.—AREAS OF GRATE SURFACES IN SQ. Fr. FoR DIRECT 


SPRING-LOADED SAFETY VALVES 


Rees (ee noe 160 ES 160 |, 200 240 

~ 3600, 3600  #3600' 3600' 3600) 3600 

Bet Vi ees Tera aude 140, P= 190| P= 240 

A= .401| A= .329| A= .297| A= .244| A=.224| A=.213 
| : | | 

Zero to | Over 25 | Over 50 Over 100 Over 150 Over 200 


25 lbs. |to 50 lbs.|to 100 Ibs| to 150 lbs to 200 Ibs lbs. 
| | 


Ww 


= 


Maximum pressure 
allowed per sq. in. 
on the boiler 


| 
| 


+ Area, of | 

Diam’er eel i 

ofvalves| . il Area of grate in sq. ft. 

ree in sq. | 

in in. 

| ins. - : : 

Tr -7854 | 2.00 2.50 | 2.75 3-25 | 3:5 3-75 
1} Tee at 3.25 | 4.00 As259) 5.00 5 o.75 
13 T7675 4-50 | 5-50 | 6.00 9 AAS | 8.0 8.50 
2 3-1416 8.00 | OTS cOn ys |} 13.00 | 14.0 I5.00 
24 4.9087 I2.50 | 15.00 16.50 |, 20.00 22.0 23.00 
3 7.0686 THe 5 a 92.50 24.00 29.00 | 31.5 33.25 
34 9.6211 24.00 | 29.50 | 32.50 | 39.50 43.0 45.25 
4 12.5660 Br 5O 38.25 AP PFO 50.50. 56.0 59.00 
44 |15.9040 40.00 48.50 BS 50005 300 71.0 74.25 
5 19.6350 49.00 60.00 66.00 80.00 88.0 92.25 


When the conditions exceed those on which Table 7 is based, the 
following formula shall be used: 
W70 
cg IP 


Sat 
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In which A =area of direct spring-loaded safety valve in sq. ins. per 
sq. ft. of grate surface, 
W =weight of water in lbs. evaporated per sq. ft. of grate 
surface per sec., 
P=pressure (absolute) at which the safety valve is set to 
blow. 


Fusible plugs shall be filled with pure tin. 

The least diameter of fusible metal shall not be less than 4 in., 
except for working pressures of over 175 lbs., or when it is necessary 
to place a fusible plug in a tube, in which cases the least diameter 
of fusible metal shall not be less than ? in. 

The following formulas for the strength of boiler joints are from 
the Massachusetts rules. In them: 


T.S.=tensile strength of plate, lbs. per sq. in. 
t=thickness of plate, ins. 
b=thickness of butt strap, ins. 
P =pitch of rivets, ins., on row having greatest pitch. 
d=diameter of rivet after driving, ins. 
a=cross-sectional area of rivet after driving, sq. ins. 
s=strength of rivet in single shear, as given in Table 4. 
S=strength of rivet in double shear, as given in Table q. 
c=crushing strength of mild steel, as given above. 
n=number of rivets in single shear in a unit of length of 
joint. 
N=number of rivets in double shear in a unit of length of 
joint. 
Lap joint longitudinal or circumferential, single riveted, Fig. 2. 
A =strength of solid plate=P XtXT-.S. 
B=strength of plate between rivet holes=(P=d)tXT.S. 
C =shearing strength of one rivet in single shear=n Xs Xa. 
D=crushing strength of plate in front of one rivet= 
adXtXe. 
Divide B, C or D (whichever is the least) by A, and the quotient 
will be the efficiency of a single-riveted lap joint. 


Lap joint longitudinal or circumferential, double riveted, Fig. 3. 
A =strength of solid plate=P XtXT-\S. 
B=strength of plate between rivet holes=(P—d)tT.S. 
C=shearing strength of two rivets in single shear= 
NXS Xa. 
D=crushing strength of plate in front of two rivets= 
mXaXt Ke. a 
Divide B, C or D (whichever is the least) by A, and the quotient 
will be the efficiency of a double-riveted lap joint. 


Butt and double strap joint, double riveted, Fig. 4. 

A =strength of solid plate=P XtXT-.S. 

B=strength of plate between rivet holes in the outer row= 
(P—d)tXT-.S. 

C=shearing strength of two rivets in double shear, 
plus the shearing strength of one rivet in single 
shear=N XS Xa+nXs Xa 

D=strength of plate between rivet holes in the second row, 
plus the shearing strength of one rivet in single 
shear in the outer row=(P—2d)tXT.S.+nXs Xa. 

E£=strength of plate between rivet holes in the second row, 
plus the crushing strength of butt strap in front of one 
rivet in the outer row=(P—2d)tXT.S.+dXb Xe. 

F=crushing strength of plate in front of two rivets, 
plus the crushing strength of butt strap in front of 
one rivet=N XdXtXct+nuxXdXbXe. 

G=crushing strength of plate in front of two rivets, 
plus the shearing strength of one rivet in single 
shear = N XdXtXc+nXs Xa. 

Divide B, C, D, E, F or G (whichever is the least) by A, and the 
quotient will be the efficiency of a butt and double strap joint, 
double-riveted. 
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Butt and double strap joint, triple riveted, Fig. 5. 

A=strength of solid plate=PX?XT.S. 

B=strength of plate between rivet holes in the outer row= 
(P—d)tXT.S. 

C=shearing strength of four rivets in double shear, 
plus the shearing strength of one rivet in single 
shear=N XS Xa+nXs Xa. 

D=strength of plate between rivet holes in the second 
row, plus the shearing strength of one rivet in single 
shear in the outer row=(P—2d)tXT.S.+nXs Xa. 

E=strength of plate between rivet holes in thé second row, 
plus the crushing strength of butt strap in front of 
one rivet in the outer row=(P—2d)tXT.S.+dxXb 
Xo. 

F=crushing strength of plate in front of four rivets, 
plus the crushing strength of butt strap in front of 
one rivet=N XdXtXc+nXdXb Xe. 

G=crushing strength of plate in front of four rivets, 
plus the shearing strength of one rivet in single 
shear= NV XdXtXc+nXsXa. 
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G=strength of plate between rivet holes in the third row, 
plus the crushing strength of butt strap in front of two 
rivets in the second row and one (1) rivet in the 
outer row =(P—4d)tXT.S.tnXdxXbXe. 

H=crushing strength of plate in front of eight rivets, 
plus the crushing strength of butt strap in front of 
three rivets = N XdXtXc+nXdXbXc. 

I=crushing strength of plate in front of eight rivets, 
plus the shearing strength of two rivets in the second 
row and one rivet in the outer row, in single shear= 
NXdXtXc+nXs Xa. 


Divide B, C, D, E, F, G, H or I (whichever is the least) by A, and 
the quotient will be the efficiency of a butt and double strap joint 
quadruple-riveted. 

The working pressure of steam boilers is given by the formula: 
T.S.XtX% 
R. XFS. 

in which 7.S.=tensile strength of shell plates, lbs., 
t=minimum thickness of shell plates, ins., 


=maximum allowable working pressure, Ibs. per sq. in. 


Fics. 2 to 6.—Boiler joints. 


Divide B, C, D, E, F or G (whichever is the least) by A, and the 
quotient will be the efficiency of a butt and double strap joint, triple- 
riveted. 

Butt and double strap joint, quadruple-riveted, Fig. 6. 

A =strength of solid plate={PXtXT.S. 

B=strength of plate between rivet holes in the outer row = 
(P—ad)tXxXT.S. 

C=shearing strength of eight rivets in double shear, 
plus the shearing strength of three rivets in single 
shear=N XS Xa+nXs Xa. 

D=strength of plate between rivet holes in the second row, 
plus the shearing strength of one rivet in single 
shear in the outer row=(P—2d)t®T.S.4tnuXsXa. 

£=strength of plate between rivet holes in the third row, 
plus the shearing strength of two rivets in the second 
row in single shear and one rivet in single shear in 
the outer row=(P—ad)tXT.S.tnXs Xa. 

F=strength of plate between rivet holes in the second row, 
plus the crushing strength of butt strap in front of 
one rivet in the outer row=(P—2d)tXT.S.+dXb 
Xe. 


% = efficiency of longitudinal joint or ligament between 
tube holes, whichever is the least, 
R=radius of the inside diameter of the outside course 
of the shell or drum, 
F.S.=the factor of safety, the lowest value of which in 
Massachusetts is 5. 


The minimum thickness of a convex bumped head shall be deter- 
mined by the formula: 


The minimum thickness of a concave bumped head shall be deter- 


mined by the formula: 
RE SOP. 
SOS) kana 
In which R=one-half the radius to which the head is bumped, 
F.S.=5=factor of safety, 
P =working pressure, lbs. per sq. in., for which the boiler 
is designed, 
T.S.=tensile strength, lbs. per sq. in., stamped on the head 
by the manufacturer, 
t=thickness of head, ins. 
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When a convex or concave head has a manhole opening, the thick- 
ness as found by the above formulas shall be increased by not less 
than ¢ in. 

When a convex or concave head has a manhole opening, the flange 
shall be turned inward, and to a depth of not less than three times 
the thickness of the head. 

The minimum thickness of plates in stayed flat surface construction 
shall be 35 in. 


TaBLE 8.—Minimum Tuickness or Boirer PLAtTEs PERMITTED IN 
MASSACHUSETTS 


Shell Plates 


When the diameter of shell is— 


Over 54 to 72 
ins. inclusive 


Over 36 to 54 


36 ins. or under | ; ‘ 
ins. inclusive 


Over 72 ins. 


+ in. | Zs in. | = in. 4 in. 


Butt Straps 


Thickness of Laman? | Thickness of ee 
shell plates ‘ igs . shell plates eno oF 
; utt straps butt straps 

+ in. + in. 44 in. zs in. 
sy in. 3 in. 7s in. zs in. 
35 in. + in, 2 in. 4 in. 
# in. + in. $ in. 4 in. 

3 in. +s in. } in. § in. 
$3 in. zs in. a0 hak $ in. 
ae 1b 3 in. 1¥ ins. oe thas 
43 in. 2 in. I ins. = in. 

% in. zs in. 


Tube Sheets 


When the diameter of tube sheet is— 


: | Over 40 to s4 | Over 4 
42 ins. or under = Caraibi, eros 
ins. inclusive 


eer : Over 72 ins. 
ins. inclusive 


= in, | zs in. | Fy im | ae lls 


TABLE 9.—Maximum ALLOWABLE Pitcu, INS., or SCREWED StAy- 


BOLTS. ENDS RIVETED OVER 
Pressure, in Thickness of plate 

Ibs. per ie a ge is Poe ann.) see in| Si 14 in. 
sq. in. Maximum pitch of stay-bolts, in ins. 

00 | 53 65 7 ie 82 

IIo } 95% 6 62 72 ry Mw 

120 eal Way ie 78 75 83 

125 al nee 63 7 74 83 

130 5 58 64 63 78 8t 

140 4% 52 6 63 73 8 ma 
150 fo) Seite) OR 7k |) Rea 8s 
160 43 58 54 64 6% 72 8 
170 43 5 58 65 6t Tle 78 
180 48 | 48 52 6 63 78 7% 
190 43 43 58 58 6§ 7 73 
200 45 4¢ 54 St 64 6% 75 
225 43 43 5 52 63 7 
250 4 43 4t 54 54 6% 65 
300 34 45 42 45 58 54 63 


When the maximum allowable pitch is 5% ins. or less, the stay- 
bolts adjacent to a furnace door or other boiler fitting, hand hole 
or other opening, may have an increased pitch of not over 1 in. 

23 


05098 


When a pitch not exceeding 8% ins. is required and is not given 

in the table, the following formula shall be used: 
2 1)? 2 
suf 2K PEE 
in which S=maximum pitch of stay-bolts, ins. 
C=a constant =66. 
t=thickness of plate, in sixteenths of an in. 
P=working pressure, lbs. per sq. in. 

When hollow stay-bolts are used, having the hole 3 in. in diameter 
or over, the maximum allwoable pitch given in the above table may 
be increased by the mean diameter of the stay-bolt: 

Mean diameter of stay-bolt = 
least outside diameter of stay-bolt-++-diameter of hele in stay-bolt | 
2 


The area of a segment of a head to be stayed shall be the area 
enclosed by lines drawn 3 ins. from the shell and 2 ins. from the tubes, 
as shown in Figs. 7 and 8 


_ 


Le 
SS 


SSS é 
SS 


Fic, 7- 


Ce ee oa 


Fic, 8 
Fics. 7 and 8.—Areas to be braced in steam boiler heads. 


Fic. 9.—Allowance for man-hole openings. 


When an area is required that is not given in Table tro, the follow- 
ing formula shall be used: 


4H? |2R c 
Ne 608 =area of segment to be stayed, sq. ins. 
in which H =distance from tubes to shell, minus 5 ins. 
R=radius of boiler, minus 3 ins. 


When a flat head has a manhole opening, the flange of which is 
formed from the solid sheet and turned inward to a depth of not less 
than twice the thickness of the head, an area 2 ins. wide all around 
the manhole opening, as shown in Fig. 9, may be deducted from the 
total area of head, including manhole opening to be stayed. 
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TABLE I0.—AREAS TO BE BRACED IN ACCORDANCE wits Fic. 7 


Diameter of boiler 


TABLE 11.—Maximum Stress PER Sa. In. or Net SECTION OF 
STAYS AND STAY-BOLTS 


Bens | 24| 30/36] 42|48|54]60] 66 72 78 84} 90 96 
from tubes lins.|ins.|ins.|ins.|ins Jins./ins.] ins. | ins. | ins. ins.] ins. | ins 
to shell. : - - 
Area to be stayed in sq. ins. 

8 ins. | 28| 33] 37| 40] 43] 47| st| 53] ss] 58/ 60] 631 6s 
8$ins. | 35] 41] 46] 5x] 55] so] 63 66 70 74 76 80 82 
9 ins. 42] 40] 56| 62 7} 72| 76 82 86 90 92 95 08 
of ins. 50| 58 66) 70| 80) 86 or 96| IOI 105 III I16] Iro9 
Io ins. 57| 68 77| 85} 93} 99 106 EL? II7 123 120 132 137 
To} ins. 66} 78] 89] 98\107|114}123} 131] 135 142] 147 153} I60 
II ins. 74| 88|100/111/121|}130/138 I47 P55] - L168 169 IVA) 183 
Ith ins. 83] 99|112]/124]137|146|156| 165 173 I8r 189 196| 204 
FI ins: 9T|109|125/139|/151|163/174| 184] 194) 203] 213} 210] 230 
12} ins. 120/138 153 167 | 180/193 204) 216] 224) 234) 243] 252 
I3 ins. | — |132/151|168|183|107\211 224| 235| 247 256/ 207) 279 
13} ins. 143|164/183/200|216|230| 246] 258] 270] 282 2903| 302 
I4 ins. |— |155)178]100 217|234|/250| 266} 280] 204] 305 329i 332 
14} ins. 167|192|/215|235/254/271| 287| 303] 318] 333] 345| 360 
I5 ins. |— /178)206)231)252|273|201| 309] 326/ 343| 357| 372 386 
15} ins. 220/247|271|/291/312| 332/ 350) 368] 382| 400 417 
16 ins. | — | — |235|/263|280|312/334| 355] 374] 304] arti 423) 443 
163 ins. 249|281)308 |332/357| 380] 390] 420] 436] 457 475 
17 ins. | —~|— |264/297|326|353/378| 402] 425] 447| 467] 486 502 
17} ins. 314/345 /374'400) 426] 440} 471) 404] 516, 536 
18 ins. | —|— |/— |331|365|396,424) 450| 476] soo] 520) 543 564 
18} ins. 349)/384/417/448| 476) 501} 526] 552] 577] 508 
I9 ins. |— |— | —/366 404/439|470| 500} 520) 555] 580] 604 631 
19} ins. 384/424 461/496) 528] 558/ 584] 613] 641 663 
20 ins. | —|—|— |gor 4441483|519| 552] 583] 613 642} 667) 699 
20} ins. 464/505)543} 578) 613) 643) 675! 706) 729 
Cyt Ghats lh ee eS 485|528|/568} 604} 640] 673] 705] 733 766 
21} ins. 505/551/594) 632/ 660] 703] 739] 766] 797 
22 ins. |— | —|—|—1526 574/618] 658] 607] 734] 7690] 800 835 
22} ins. 597|643| 687} 726] 765! 800] 835 867 
23 ins. |—}|—|—|—|— |620/668 713] 754] 796} 830] 860] 09006 
233 ins. 642/695| 740] 784] 827] 866] 904 945 
24 ins. |—|—|—|—|— |667]7r0] 768] 814] 850! 807 939] 978 
24} ins. 689/745] 797| 843] 802] 934] 075] rorg 
25 ans; |/—— |. ——|— |} = — 714/771} 825} 875] 922] 966] roro IO5r 
25% ins. 737/798) 855) 907) 956) 1003] 1047] ro92 
26 ins. |—|—|—|—|— |761|824] 882 936} 987] 1035] 1083] 1126 
263 ins. 850} 909} 968] 1024) 1073] rr20 1167 
27 ins. — — 877| 939] 998] 1053] 1106] 1157] 1202 
274 ins. 904) 968) 1030] 1089} 1145] 1195 1243 
28 ins. —_ 930} 997] 1060] 1120] 1177] 1232 1279 
28 ins. 1028] 1092) 1157} 1211] 1270 I321 
29 ins. |—|—|—}—|—|—]|—}| zos6| 1123| 1187 1248] 1305] 1360 
20} ins. 1084| 1155} 1221] 1284] 1347| 1400 
30 ins. — | IIIS} 1187] 1255] 1321] 1382 1442 
30} ins. 1218] 1290] 1358] 1424] 1480 
31 ins. 1252] 1324] 1394] 1450] 1523 
31% ins. 1286} 1359] 1433] 1406] 1561 
a0 ins. I31I7| 1394] 1467] 1538 1605 
32} ins. 1430] 1508] 1575] 1650 
32 cins. | 1465] 1542| 1617 1687 
334 ins. 1500] 1578] 1655] 1733 
34 ins. | — | 1536) 1617] 1695] 1770 
344 ins. 1654] 1735] 1816 
35 ins. 1692] 1775| 1856 
354 ins. I81I0] 1900 
36 ins. 1857| I941 
364 ins. 1084 
37 ins. a 2026 


When a greater allowable stress per sq. in. on stays and stay-bolts 
is required than that allowed in Table 11, the material shall conform 
to the physical qualities of Table 12, and the maximum allowable 
stress on such stays or stay-bolts shall be based on a factor of safety 
of not less than 63. 


ern eae Size over r} ins. 
. including 1} ins. di Paes 
Material and type ‘ lamete 
: diameter or equivalent area 
equivalent area 
Weldless mild steel head to head or 8000 lbs. 9000 lbs. . 
through stays. 
Weldless mild steel diagonal or crow- 7500 lbs. 8000 lbs. 
foot stays. 
Weldless wrought-iron head to head or 7000 lbs. 7500 lbs. 
through stays. 
Weldless wrought-iron diagonal or crow- 6500 lbs. 7000 lbs. 
foot stays. 
Welded mild steel or wrought-iron stays 6000 lbs. 6000 lbs. 
Mild steel or wrought-iron stay-bolts. .. 6500 lbs. 7000 lbs. 
eae pera 
ae © ®O @ A 
Z O oO \ 
ak) Oies 
(OO OOn. 
/ 
/ O O \ 
pe on 
+9 Bo 
, 8 | 
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Fic. 1o.—Riveting of man-hole frames. 


The minimum thickness of cast-iron nozzles shall be determined 
by the formula: 


Paf 
SS hs 
35 tS 


in which P=working pressure, Ibs. per sq. in., 
; d=inside diameter of nozzle, ins., 
f=factor of safety =12, 
S=ultimate tensile strength of cast-iron, not less than 
18,000 Ibs. per sq. in., 
-5 =a constant, 
¢=thickness of nozzle, ins., 


Manhole frames on shells or drums shall have the proper curva- 
ture, and on boilers over 48 ins. in diameter shall be riveted to the 
shell or drum with two rows of rivets, which may be pitched as 
shown in Fig. 10. The strength of the rivets in shear shall not be 
less than the tensile strength of the shell plate removed, on a line 
parallel to the axis of the shell, through the center of the manhole. 

Following is the code of uniform boiler specifications adopted by 
the American Boiler Manufacturers Association as amended up to 
1909: 


Materials 


Cast-Iron.—Should be of soft, gray texture and high degree of 
ductility. To be used only for hand-hole plates, crabs, yokes, ete 
and manheads. It is adangerous metal to be used in mud drums, 
legs, necks, headers, manhole rings or any part of a boiler subject to 
tensile strains; its use is prohibited for such parts. 

Steel—Homogeneous steel made by the open-hearth or crucible 
Processes, and having the following qualities, is to be used in all 
boilers. 

ibjoee WC, S. 
Flange or boiler steel.=..:../.........-. - 55,000 to 65,000 

When it is stipulated that the plates are to be flanged, the physical 

properties shall be the same as required for fire-box steel. 
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IDE aN Ss 
- 52,000 to 62,000 
-45,000 tO 55,000 
Elongation in 
8 ins. 
25 per cent. 


HMire=DOxEsteclpreres eiasteein et ks Seo scs s 
ECT ANGOLGRSLECEI ee Perret oaton toi ocdcc acai 


bilanp exorboll erm Steelewaccer cc. ence tees an 

HIEe-DOxeCLCCl mn fuse rc a en Soe 26 per cent. 

Hiss PrABS OLE StCEl a fuieseneray-aaneacse ens s4.8 5 28 per cent. 

Elastic limit to be not less than one-half of the unltimate T. S. 
Chemical requirements 


Sul. Phos. 
Flange or boiler steel...... . .03 per cent. .04 per cent. 
Firesbox steel. jon. cs... .03 percent. .04 per cent. 


HixtrarsOftisteel......5.. 00 .03 per cent. .04 per cent. 
For all plates the elastic limit to be at least one-half the ultimate 
strength; percentage of manganese and carbon left to the judgment 
of the steel maker. 


TABLE 12.—PHYSICAL PROPERTIES OF STAYS AND STAY-BOLTS 


Tensile strength, lbs. per SG. Ihe shall not exceedcnndns wane 


62,000 
Yield point, in lbs. per sq. in., shall not be less than.... 4 T.S. 
Elongation per cent. in 8 ins. shall not be less than........ 28 


TABLE 13.—ALLOWABLE Loaps on Net CRoss-SECTION oF STAY- 
BOLTS, V-THREADS, 12 THREADS PER IN. 


Net-cross 
Outs x | Diameter sectional Allowable Allowable 
utside diameter : 
te at bottom | area (at bot- | load at 6500 | load at 7000 
fae of thread | bottom of lbs. stress lbs. stress 
stay-bolts in ins. sake 5 t 4 
in ins. thread) in per sq. in. per. sq. in. 
sq. ins. 
Z 7500 -6057 -288 1872 2,016 
# 8125 6682 ae 2282 2,457 
t 750 «7307 -419 2724 2,033 
pay 9375 +7932 -494 3211 3,458 
1g 1.0000 -8557 -575 3738 4,025 
Its 1.0625 -9182 662 4303 4,634 
1; I.1250 -9807 755 4908 5,285 
I¥s 1.1875 1.0432 -855 5558 5,985 
1} I.2500 1.1057 -960 6240 6,720 
135 E:3E25 I.1682 I.072 6068 7,504 
1% 1.3750 I.2307 I.190 7735 8,330 
lis 1.4375 I. 2932 1.313 8535 9,191 
13 Lbs 5000) fF 2.3557 1.444 9386 10,108 
TABLE 14.—ALLOWABLE LOADS ON NET CROSS-SECTION OF STAY- 


BOLTS, V-THREADS, 10 THREADS PER IN. 


Net-cross 
é : Diameter sectional Allowable Allowable 
eee oemcree at bottom area (at load at 6500 | load at 7000 
- as of thread bottom of | lbs. stress per} lbs. stress per 
ane in ins. thread) in sq. in. sq. in. 
sq. ins. 
I} | 1.2500 | 1.0768 | -OIL 5,921 6,377 
its Nera tas 1.1393 I.019 6,623 7,133 
13 sesso I.2018 | 1.134 TST 7,938 
Iq6 | 1.4375 1.2643 | 1-255 8,157 8,785 
14 } 1.5000 1.3268 I.382 8,983 9,674 
is | 1.5625 I.3803 I.515 9,847 10,605 
1% 1.6250 1.4518 1.655 10,757 II,585 


Test section to be 8 ins. long, planed or milled edges; its cross-sec- 
tional area not less than one-half of 1 sq. in., nor width less 
than the thickness of the plate. 

Bending Test—Steel up to 4 in. thickness must stand bending 
double and being hammered down on itself; above that thickness it 
must bend round a mandrel of diameter of one and one-half times 
the thickness of plate down to 180 deg. All without showing signs 
of distress. 

Bending test piece to be in length not less than sixteen times 
thickness of plate, and rough, shear edges milled or filed off. Such 
pieces to be cut both lengthwise and crosswise of the plate. 
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All tests to be made at the steel mill. Three pulling tests and 
three bending tests to be made from each heat. If one fails the 
manufacturer may furnish and test a fourth piece, but if two fail 
the entire heat to be rejected. 

Certified copies of tests to be furnished each member of A. B. 
M. A. from heats from which his plates are made. 

Riveis to be of good charcoal iron, or of a soft, mild steel, having 
the same physical and chemical properties as the fire-box plates, 
and must test hot and cold by driving down on an anvil with the 
head in a die; by nicking and bending, by bending back on themselves 
cold, without developing cracks or flaws. 

Boiler tubes, of charcoal iren or mild steel especially made for 
the purpose, and lap welded or drawn; they should be round, straight, 
free from scales, blisters and mechanical defects, each tested to 500 
Ibs. internal hydrostatic pressure. 

This fact and manufacturers’ name to be plainly stenciled on each 
tube. 


TABLE 15.—ALLOWABLE LOADS ON NET CROSS-SECTION OF CIRCULAR 
STAYS OR RECTANGULAR STAYS OF EQUAL CROSS-SECTIONAL AREA. 


Allowable stress, in lbs. per sq. 
Minimum Net cross- in. net cros-sectional area 
diameter sectional area |~ 
. i 6,000 | 6,500 | 7,000 | 7,500 | 8,000 | 9,000 
of circular of stay in = 
stay in ins. sq. ins. Allowable load, in lbs. on net cross-sec- 
tional area 
I I.0000 -7854 4,712) -§,205)) 5,498) (F801 6,283)... eas 
Izvs 1.0625 . 8866 5,320] 5,763] 6;206| 6,650) 7,0031...2. - > 
1} I.1250 -9940 5,964] 6,461| 6,958] 7,455] 7,952|....-- 
rx 1.1875 I.1075 6,645| 7,190] 7,753] 8,306] 8,860]...... 
1} I.2500 1.2272 7,363] 7,977| 8,590] 9,204| 9,818].....- 
ieee lfrna gees 1.3530 8,118] 8,795] 9,471] 10,148] 10,824| 12,177 
13 1.3750 1.4849 8,909] 9,652] 10,394) 11,137] 11,879] 13,364 
ive (1.4375 1.6230 9,738] 10,550] 11,361] 12,173] 12,984/| 14,607 
14 I.5000 LayO7r 10,603] 11,486] 12,370] 13,253) 14,137) 15,904 
Iys |1.5625 1.9175 11,505| 12,464] 13,423] 14,381] 15,340| 17,258 
1§ 1.6250 2.0739 12,443| 13,480| 14,517} 15,554) 16,591| 18,665 
Tt) [T0875 2.2305 I3,419| 14,537| 15,655) 16,744) 17,892| 20,129 
12 I.7500 2.4053 14,432| 15,634] 16,837) 18,040) 19,242| 21,648 
rit T.Sr25 2.5802 15,481| 16,771| 18,061) 19,352| 20,642] 23,222 
It 1.8750 2.7012 16,567| 17,948| 19,328) 20,709| 22,090} 24,851 
Ize 611.9375 2.9483 17,690| 19,164] 20,638] 22,112] 23,586| 26.535 
2 2.0000 3.1416 18,850] 20,420| 21,991) 23,562) 25,133] 28,274, 
24 2.1250 3.5466 21,280] 23,053) 24,826| 26,600] 28,373] 31,919 
24 |2.2500 3.9761 23,857| 25,845) 27,833] 29,821| 31,800| 35,785 
23 2.3750 4.4301 26,580) 28,796) 31,011) 33,226) 35,441] 39,871 
23 2.5000 4.9087 29,452) 31,907| 34,361) 36,815] 39,270] 44,178 
2 |2.6250 5.4119 32,471 35,177| 37,883) 40,589] 43,295| 48,707 
23 2.7500 5.9396 35,638] 38,607] 41,577| 44,547| 47,517| 53,456 
25 2.8750 6.4018 38,951| 42,197| 45,443] 48,680) 51,934| 58,426 
3 3.0000 7.0686 42,412) 45,946! 49,480] 53,015! 56,549| 63,617 


Standard thicknesses by Birmingham wire gage to be 
. 13 for tubes 1 in., 1 ins., 13 ins. and 1¢ ins. diameter. 
. 12 for tubes 2 ins., 2f ins., and 23 ins. diameter 
. 11 for tubes 23 ins., 3 ins., 3} ins., and 33 ins. diameter. 
No. ro for tubes 3% ins., and 4 ins. diameter. 
No. og for tubes 44 ins., and 5 ins. diameter. 

Tests —A section cut from one tube taken at random from a lot 
of 150 or less must stand hammering down cold vertically without 
cracking or splitting when down solid. 

Length of test pieces: 

3 in, for tubes from 1 in. to rf ins. diameter. 
r in. for tubes from 2 ins. to 23 ins. diameter. 
12 ins. for tubes from 24 ins. to 34 ins. diameter. 
14 ins. for tubes from 3} ins. to 4 ins. diameter. 
12 ins. for tubes from 43 ins. to 5 ins. diameter. 

All tubes must stand expanding flange over on tube plate and 
bending without flaw, crack or opening of the weld. 
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Stay-bolts to be made of iron or mild steel specially manufactured 
for the purpose, and must show on: 

Test section 8 ins. long; net: 

For iron, tensile strength not less than 46,000 Ibs.; elastic limit 
not less than 26,000 lbs.; elongation not less than 22 per cent. for 
bolts of less than r sq. in. area, nor less than 20 per cent. for bolts 
I sq. in. and more in net area. 

For steel, tensile strength not less than 55,000 lbs.; elastic limit 
not less than 33,000 lbs.; elongation not less than 25 per cent. for 
bolts of less than r sq. in. area, nor less than 22 per cent. for bolts 1 
sq. in. and more in net area. 

Tests —A bar taken from a lot of 1000 lbs. or less at random, 
threaded with a sharp die V-thread with rounded edges, must 
bend cold 180 deg. around a bar of same diameter without showing 
any crack or flaws. 

Another piece, similarly chosen, and threaded, to be screwed into 
well fitting nuts formed of pieces of the plates to be stayed, and 
riveted over so as to form an exact counterpart of the bolt in the 
finished structure; to be pulled in testing machine and breaking stress 
noted; if it fails by pulling apart the tensile stress per sq. in. of net 
section is its measure of strength; if it fails by shearing the shear 
stress per sq. in. of mean section in shear is this measure. The mean 
section in shear is the product of half the thickness of the plate by 
the circumference at half height of thread. 

Braces and Stays—Material to be fully equal to stay-bolt stock, 
and tensile strength to be determined by testing a bar not less than 
Io ins. long from each lot of 1000 lbs. or less. 


Workmanship and Dimensions 


Flanging, bending and forming to be done at a heat suited to 
the material, but no bending must be done or blow struck on any 
plate which no longer shows a red by daylight at the working point 
and at least 4 ins. beyond it 

Rolling must be done cold by gradual and regular increments 
from the straight plate to the exact circle required and the whole 
circumference including the lap rolled to a true circle. 

Bumped heads uniformly dished to a segment of a sphere should 
have a thickness equal to that of a cylindrical shell of solid plate of 
same material, whose diameter is equal to the radius of curvature 

_of the dished head. 

Rivet holes, manholes, etc., to be allowed for by proportionate 
increase in the thickness. 

Riveting.—Holes made perfectly true and fair by clean cutting 
punches or drills. Sharp edges and burrs removed by slight counter 
sinking and burr reaming before and after sheets are joined together. 

Under side of original rivet head must be flat, square and smooth. 
For rivets 3 in. to ~é in. diameter allow 1} diameters for length of 
stock to form the head, and less for larger rivets. Allow 5 per cent. 
more stock for driven head for button set or snap rivets. Use light 
regulation riveting hammers until rivet is well upset in the hole; 
after that snap and heavy mauls. For machine riveting more stock 
is to be left for driven head to make it equal to original head, as 
fixed by experiment. 

Total pressure on the die about 80 tons for 14 in. to 1 in. rivets, 
65 tons for 1 in., 57 tons for 44 in., 35 tons for 2 in. rivets. 

Make heads of rivets equal in strength te shanks by making head at 
periphery of shank of a height equal to + diameter of shank and giving 
a slight fillet at this point. 

Approximately make rivet holes double thickness of thinnest 
plate; pitch three times rivet hole; pitch lines of staggered rows 4 
pitch apart; lap for single riveting equal to pitch, for double riveting 
1% pitch, and } pitch more for each additional row of rivets; exact 
dimensions determined by making resistance to shear of aggregate 
rivet section at least 10 per cent. greater than tensile strength of net 
or standing metal. 

Rivet holes punched with good sharp punches and well fitting 
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dies in A. B M. A. steel up to 8 in. thickness; in thicker plates punch 
and ream with a fluted reamer, or drill the holes. 

Drift pin to be used only with light hammers to pull plates into 
place and round up the hole, but never to enlarge or gouge holes 
with heavy hammers. 

Calking to be done by hand or pneumatic hammer and Conery 
Avoid excessive calking; the fit must be made 
in the laying of the plates. The square nosed tool may be used for 
finishing with great care to avoid nicking lower plate. Calking 
edges must be prepared by bevel planing, shearing or chipping. 

Flat Surfaces.—State the thickness of the plate ¢ in sixteenths of 
an inch, the pitch p in ins., and use a constant: 

C=tr2 Moumplatesm;cmln: 

riveted ends. 

C=120 for plates over 7s in. with screw stays with riveted 


or round nosed tool. 


ends. 


and under with screw stays with 


C=140 for all plates when in addition to screw threads in the | 


plates a nut is used inside and outside on each plate. 

When salt, acids or alkali are contained in the feed water, this 
latter construction is imperative. 

Rule.—Multiply this constant C by the square of the thickness of 


the plate expressed in sixteenths of an inch, and divide by the square | 


of the pitch expressed in ins.; the quotient is the safe working 
pressure P; that is: 
OSE 


Reape 


Tube holes either punched } in. less than required diameter and | 
reamed to full size, or drilled; then slightly countersunk on both | 


sides; should be ¢z in. to 7g. in. larger than diameter of tube accord- 
ing to size of tube; if copper ferrules are used the hole to be a neat 
fit for the ferrule. 
before reaming. 

Tube Setting —Ends of tubes to be annealed (in the tube mill) 
before setting. The tube to extend through the sheet ¢ in. for 
every inch of diameter. Expand until tight in hole and no more. 
On end exposed to direct flame, flange the tube partly over on sheet, 
finishing by beading tool which must not come in contact with the 
plate; expand slightly after beading. 

Copper ferrules Nos. 18 to 14 wire gage should be used in the fire- 
tube boiler on ends subject to direct heat. 

Riveted and lap-welded flues, as prescribed in Rule 11, Sections 
8, 9, Io, 11, 12 and 13 of Regulations of Board of Supervising In- 
spectors of Steam Vessels, approved February, 1895. 

Corrugated furnace flues as prescribed in sections 14 and 15 of the 
same rule. 

Stay-bolts to be carefully threaded with sharp clean dies V- 
thread with round edges; threading machine equipped with a lead 
screw; holes tapped with tap extending through both sheets to neat 
smooth fit, so that bolts can be put in by hand lever or wrench with 
a steady pull; 4 diameter to project for riveting over; with hollow 
stay-bolts use slender drift pin in the bore while riveting and drive 
it home to expand the bolt after riveting. 

Height of nuts used on screw stays to be at least 50 per cent. of 
diameter of stay. Largest permissible pitch for screw stays is 10 ins. 

Braces and stays shall be subjected to careful inspection and tests 
as per section 6 and 2. Welding to be avoided where possible, but 
good clean welds to be allowed a value of 80 per cent. of the solid 
bar. Rivets by which braces are attached, when the pull on them 
is other than at right angles to be allowed only half the stress per- 
mitted for rivets in the seams. 

Manholes should be flanged in, out of the solid plate, on a radius 
not less than three times the metal thickness to a straight flange; 
when the plate is 3 in. or less in thickness a reinforce ring to be shrunk 
around it. Cast-iron reinforce flanges never to be used. 

Domes to be avoided when possible; cylindrical portion to be 
flanged down to the shell of the boiler, and this shell flanged up in- 


Tube sheet to be annealed after punching and | 
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side the dome, or reinforced by a collar flanged at the joint, the 
flanges double-riveted. 

Drums should be put on with collar flanges of A. B. M. A. steel, 
_ not less than § in. thick, double-riveted to shell and drum and single 


riveted to the neck or leg, or the flanges may be formed on these 
legs. 
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assumed for the steel plate and 40,000 Ibs. shear strength for the 
rivets, all figured on the actual net standing metal. 

Flat surfaces proportioned as prescribed above have in the con- 
stants there given a factor of safety of 5 or a little over. 

Bumped heads proportioned as prescribed above to be subject toa 
factor of safety of 5. 


Maximum Pitch, Ins, 


14% 1%1% 2 2% 2% 2% 3 38% 


8% 8% 4 


44 4% 4% 8 5Y 5% BY 6 


64 6% 6% 7 «1% «1% 1% 8 


or 


Qa 
—) 
tT 


oo 
Oo 


Percentage of Strength of Plate 
o 
if 


ao & 
— a — 


oo 
Oo 


sol VIL | | 


Traced downward from the maximum pitch to the curve for the diameter of the rivets and then to the left where read the per- 
centage of plate strength. 


Fic. 11.—Percentage of plate strength of boiler joints. 


Lloyds Board of Trade 
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Maximum Pitch divided by number of rivets in Pitch and multiplied by Plate thickness in sixteenths 


Fic. 12.—Strength of boiler joint rivets compared with the solid plate. 


Saddles or nozzles to be of flanged steel plate or of soft cast steel, 
never of cast-iron. 


Factor of Safety 


Rivet seams when proportioned and with materials tested as 
prescribed above shall have 43 as factor of safety; when not so 
tested, but inspection of materials indicates good quality, a factor of 
safety of 5 is to be taken, and at most 55,000 lbs. tensile strength 


Stay-bolis proportioned and tested as prescribed above to have 
a factor of safety of 5 applied to the lowest stress found. 

Braces and Stays——When tested as prescribed above to be 
allowed a factor of safety of 5; when not so tested but careful in- 
spection shows good stock they may be used up to 6500 lbs. actual 
direct pull for wrought iron, and 8000 lbs. for mild steel, all per square 
inch of actual net metal. 
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TABLE 16.—PROPERTIES OF STANDARD BOILER TUBES AND FLUES. 


From the National Tube Company’s Book of Standards 
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WEIGHTS AND DIMENSIONS ARE NOMINAL 


Hydrostatic Pressure 
The hydrostatic test, to be made on completed boilers built strictly 
to these specifications, is never to exceed working pressure by more 
than one-third of itself and this excess limited to too lbs. per sq. in. 


Di ; 3 Length of tube SB The water used for testing to have a temperature of at least 125 
lameters Thickness | Weight re surface per d h 
per { DEY, Saris lineal ft. eg. Fahr. 
= = | ft. * 7 5 
Exter- | Inter elicee t External) Internal | External] Internal Hanging or Supporting the Boiler 
nal nal ro) surface | surface | surface | surface 
1% | 1.560] .oo5 | x3 1.679] 2.182 | 2.448 458 408 The boiler should be supported on points where there is the greatest 
2 1.810] .o95 | 13 1.032] 1.909 | 2.110 -523 473 excess of strength. Excessive local stresses from weight of boiler 
a8 2). 060). 005 || “13 # LOO MOO d alt 854 -589 oS) and contents must be avoided and distortion of parts prevented by — 
2} 2.282] .100 12 2.783| 1.527 TA673 -654 -597 5 e 
using long lugs or brackets, and only half the stress which they may 
2% 2.532) .109 | 12 3.074] 1.388 1.508 719 662 carry in the seams, to be allowed on rivets. 
3 2.782| .109 | 12 32305| e273 ae s73 .785 -728 The supports must permit rebuilding the furnace without disturb- — 
* ee me z ee ae : eee i ae ing the proper suspension of the boiler. The boiler should be slightly © 
. 4 “ . « -OI . . . . 
inclined so that a little less water shows at the gage cocks than at 
SPP alesestoy ar 20. |! ar 4.652] r.018 | 1.088 981 .918 the opposite end. | 
: 3.732) .134 | ro 5-532) .954 | 1.023 | 1.047 977 The percentage of plate strength of boiler joints may be obtained — 
> 232) . . 
See ae ae ep eee S28 OOF ig tO Le LOd from Fig. 11 (Amer.Mach., June 16, 1892). Theuse of the chart is 
5 4.704] .148 9 7.669 -763 812 I.308 Toor F i 
| explained below it. 
6 5 -670) 165 8 |10.282| .636 SO730 EES 70 NITE 84. The strength of the rivets of boiler joints compared with the strength 
f iar ay : Renee: 545 By |) Sookie. |p ae pe of the solid plate may be obtained from Fig. 12 (Amer. Mach., Apr. 
.670) .165 13.80 F f d . i : Sy 
3 tn ieee : ae He ee : aoe ; ee 14, 1892) which is drawn for Lloyd’s and the British Board of Trade 
. < a4 . crs 
rules. The use of the chart is best shown by an example: 
10 9.594] .203 6 21.240] .38x -398 | 2.617 | 2.511 Find the percentage of strength of rivets in single shear com- 
II |10.560/ .220 5  |25.329| .347 -361 | 2.879 | 2.764 pared with the tensile strength of the solid plate in the case of a 
Foe 7 iietasaeal Weoeseieds ao [eat Ooh 348 IY || SoG | So@E double-riveted lap joint; plate thick 4 in., rivets 2 in. diamete 
13 |12.524| .238 A | \s2.230l> ea gourales erase loins ae i lap j ; plate thickness 3 in., rivets + in. diameter, 
pitch 2} ins., iron plate and rivets. Divide the maximum pitch by 
TAM MNAIICG 85 04a S| enn 136.424] .272 282 | 3.665 | 3.535 the number of rivets in one pitch length and multiply the quotient 
IS |14.482] .259 3 |40.775| .254 263 | 3.926 | 3.701 5 one : Fae hs 
EO) its. 460l 2270 |... 82. - 45.359| .238 247 | 4.188 | 4.047 by the plate thickness in sixteenths of an inch; i.e., yak =I1o0. Find 
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From the final temperature at the left trace horizontally 


Fic. 


Per cent, Saved 


to the diagonal leading from the initial temperature and then down 
where read the percentage of saving. ; 


13.—The saving due to heating feed water for steam boilers. 
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Fic. 14.—Dimensions of riveted joints. 


the intersection of the ordinate 10 on the chart with the curve for 
4-in. rivets and read 71 per cent. for punched plates. If rivets 
in double shear are considered to be 75 per cent. stronger than in 
single shear, multiply the result given by the chart by 1.75. 

By a reverse reading the rivet diameter can be obtained if the 
pitch, number of rows, plate thickness and percentage of strength 


are given. 
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Double Riveted Double Butt Strap Joint 


Double Riveted Double Butt Strap Joint 
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The dimensions of riveted joints in accordance with Professor Bach’s 
formulas may be determined from Fig. 14, by S. Surpata (Amer. 


Mach., May 12,1904). 


The diameter of the rivets is to be taken from 


the upper left-hand chart, after which the other dimensions are to 
be taken from the chart for the type of joint to be used. For other 
formulas the charts may be used for the trial layout and thus shorten 
the process of adjusting the strength of the rivets to that of the 
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TABLE 17.—PROXIMATE ANALYSIS AND HEATING VALUE OF AMERICAN COALS 
From Steam By Peimission of the Babcock & Wilcox Co. 


—<— ; Theoretical 
Heating Volatile Heating evaporation Ibs. 
Mois- | Volatile! Fixed nen Sul- value per lb. matter per value Wee lb. water from and at 
ture matter | carbon phur coal, heat cent. of com- combustible, 212° per The come 
units bustible heat units Wnsriole 
plains Goal elds 6 wat. eee 3.42 4.38 83.27 8.20 7G 13,160 5.00 14,900 Toe 42, 
Bast Middle coal field. .2...2...22. 5... Segal 3.08 86.40 6.22 58 13,420 3.44 14,900 , 1542 
West Middle coal field... 5... 202-525 | SHS) 3.72 81.59 | 10.65 50 12,840 4.36 14,900 I5.42 
Soutnerti coal field oo.0 wus nce no ee ke at 3100 4.28 83.81 8.18 64 13,220 4.85 I4,900 I5.42 
Anthracile from one mine. 
Egg, Sereens2 + — hans © os eee eee | Oe ay Bed 88.49 BOG [ie Svc chs Nel ee te emer Src ne eae Rn eenc | nec es can arc ae R 
Stove, screen 13-1} ins......... [Dees Vs ee eta SSSA OY Aa | es Op 7 | eg SS Pe eee hn re Re ore Pym Seas mS bhi o Sood aa yas 
Chestnut, screen 14-2in........... eee’ aren leases SX ORR Ml Wii 25 fa | ree eRe en nM ll Vee NPN RATAN In Sais carr RenAICING aoaG OOS oo 4 a 
Pea, screen 3-1 Lies PO ee, eerie. We ESTO aa ie AS oan (CER en ce | enn onl POA CaM Ret) atl! ier Swsialten ec Supid'a oA O00 ¢ 
Buckwheat, screen }3-} in Hee ee Beh | oe ee we od [Sete wal and Soy a en nee a Pe ry Al eR en dling, 24 oma Gone (ome pete Laer Sos apo 
Semi-Anthracite. 
oyalsocksiiel diame suntneriacie ste vedere | 1.30 Io 83.34 6223 T20¢ 13,920 8.86 I5,500 16.05 
Bernicecbasiiinrs,.ctde iste eek ined oe a | 65 | 9.40 83.69 5.34 91 13,700 10.08 15,500 16.05 
Semi-Bituminous. | | 
B00) Lop. Pa ase ok nisin vesnias | 79 I5.61 77.30 5.40 90 14,820 17.60 15,800 16.36 
Clearfield County, Pas ..cscsmccck ones] aii 22.52 Gf, BP 3.99 (ope 14,950 24.60 I5,700 LO225 
Cambria County, Paw ccvncen ox ute sews | .94 19.20 kee 7.04 Tea70) 14,450 Dee tapi 15,700 IOs 
Somerset County, Dacca eee ee el Bess 16.42 le 5 Os 8.62 1.87 14,200 20u3i7 15,800 16.36 
Crmberlandei\idawss. =. cs wee ee I.09 17.30 Fete ries -74 14,400 I9.79 15,800 16.36 
POCAUOREAG < Wacken oat aie cite hn Se I.00 21.00 74.39 anos .58 15,070 2250 15,700 LOE 25, 
Nagy TRS, WW, WEL ayn ane ob eee 285 17.88 77.604 3.36 27 15,220 18.95 15,800 16.36 
Bituminous. | 
@onneliswilley Paci avec seen nce ads | 4.26 30.12 59.61 8.23 Aus I4,050 34.03 I5,300 15.84 
MoughioghenyyePanc my ss sate es 1.03 36.50 59.05 2.61 . 81 I4,450 SSErie | I5,000 tne te 
PAGUSDUR Gn Dancers vee i esa mie ek acsearle I.37 35.90 ere 8.02 “1.80 13,410 AI.61 | 14,800 15.32 
emerson (County, Pavjsae.: cscs ss. s I.21 32.53 60.99 4.27 I.00 I4,370 35.47 15,200 Tis. 
Middle Kittanning seam, Pa......... 82 BGS 53.70 7.18 1.98 13,200 AO. 27 14,500 I5.01 
Upper Freeport seam, Pa. and O...... 1.93 35.90 50.10 9.10 2.89 13,170 43.59 14,800 15.32 
GD ACIEEE AD Wen Vidic ie cnt tae eens one ee 1.38 35.04 56.03 6.27 1.28 14,040 39.33 15,200 15.74 
acksoniCountys Os cssun hee c ene 3.83 B22 07, 57-60 OS5OU acigisen eke 13,090 35.76 14,600 BS ee 
EE tel ORL Oi eet ectity a, elves 5 een ete, ot | 4.80 34.60 56.30 PWeeX Oia Ilion coco 13,010 38.20 14,300 14.80 
Elockamp Valleya Ove tcsse cote ase tue ans Oso 34.97 48.85 8.00 1.59 12,130 42.81 14,200 14.70 
Wander Dooly Keyieeutss:s terse wees eon ces 4.00 34.10 54.60 Hosen laa aac-os eT O) 38.50 14,400 I4.91 
Muhlenberg County, Ky............. A.33 $3205 55.50 4.95 eee 5 7 13,060 38.86 14,400(?) I4.91 
ScoutCounty, Dennpnes-or 2.8 ana T 326 35.76 53.14 8.02 I.80 13,700 Byily, I5,100(?) 15.63 
Vetierson |County, Alajte. 210-5. 2. se) 55 34.44 59.77 2.62 1.42 13,770 37.63 14,400(?) 14.91 
Bice dye TS tn Ae, ae aa ees 7,50 30.70 53.80 SOO Ila eee I2,420 36.30 14,700 Es22 
INA CO ADR copy TU DDR ES Ne Bee ie in ae reer II.00 35.65 SLO MP LGLOOs We cease 10,490 47.00 13,800 IL.20 
Simea tor lle we vcr Serazu esa 12.00 33.30 AO x70 Gar O0! iene see 10,580 45.00 14,300 14.80 
WGSO UL Ue ae mie ny ey Saree Slee ert 6.44 Style tsi 47.94 S208 Uemeetek I2,230 43.94 I4,300(?) 14.80 
Lignites and Lignitic Coals. 
Wowalemn. te msts Natives Ma mS Been ee tes A 8.45 37.09 35700 le TORSO mm eins 8,720 EROS 12,000(?) L242 
RV iy OL Oe cpa Sercmta tiie ce, ak oie To, 8 8.19 38.72 Vinescoreyell amen w. Waar 6. add 10,390 48.07 I2,900(?) 13.65 
WGA reer any ce ara nen sete eeeuc uoctte. ae 9.29 41.07 44.37 3220 TS I1,030 48.60 12,600(?) 13.04 
Ores ou Memite nan ciate: oe casoteae eee 15.25 42.098 BS S2 ape Tet I.66 8,540 54.95 I1I,000(?) II.30 
net section of the plate. In all cases the distance from the center of A Pex, 


the outermost row of rivets to the edge of the plate is to be taken 
as one-half the lap of a single riveted joint, as given in the figure 
for that joint. 

The resistance offered by the expanded tubes in tube sheets formed the 
subject of experiments by Prors. O. P. Hoop and G. L. CuristENSEN 
(Trans. A. S. M. E., 1908) of which the following are the conclusions: 

The slipping point of a 3-in. twelve-gage Shelby cold drawn tube 
rolled into a straight smooth machined hole in a t-in. sheet occurs 
with a pull of about 7000 lbs. 

Various degrees of rolling do not greatly affect the point of initial 
slip. 

The frictional resistance of such tubes is about 750 lbs. per sq. 
in. of tube-bearing area in sheets 2 in. and 1 in. thick. 

For a higher resistance to initial slip other resistance than friction 
must be depended upon. 

Serrating the tube seat in a straight machined hole by rolling or 
cutting square edged grooves .o1 in. deep and ten pitch will raise 
the slipping point to three or four times that in a smooth hole. 

It is possible to make a rolled joint that will offer a resistance 
beyond the elastic limit of the tube and remain tight. 
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Total Loss per Year of 320 Days Price of Coal per Ton 
Dollars Dollars 
From the price of coal per ton trace upward to the line for the 
thickness of scale, then horizontally to the line for the number 
of tons of coal consumed per day, then down, and read the loss 
in dollars per year of 320 days. 


Fic. 15.—Loss of coal due to scale in boilers. 
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TABLE 18.—HoRSE-POWER OF CHIMNEYS FOR STEAM BOILERS 
From Steam, By Permission of the Babcock & Wilcox Co. 


Diameter Height of Chimneys and Commercial Horse-power Side of Effective Actual area 
ies square, area, sq. ¥ 

50 ft. | 60 ft. 70 ft. 8o ft 00 ft. TOOES ee LOet. 125 ft 150 ft 175 ft 200 ft ins. ft ere 
18 23 25 27 Eee ee: ee gee) ae al Ue ahs 2 aoe 0 cereal ape eens 16 .97 1.77 
2I 35 38 MIS Wan ee enact Grea leer ser ents PPO lite) omen Re ERE RE LUM Leen 1h eure | vacua ac Pe Ls ic enn oltre cen a | 18 19 I.47 2-45 
24 49 54 58 plea | ecrces eta PM ae bec eee | ea ely 0 Sean ene ae eeaiees. cet 22 2.08 Ba tA 
27 65 72 78 83 Vib RE verter sll Mish etic Rae WE an iver coal otra ore eee La ee 2A 2.78 3.98 
30 84 02 100 107 2) en a ce SUS Ue ih A hy EO Pee een) ea A GR 27 3.58 4.91 
aes leon renee IIs 12 133 TAM Werte eras ee easyer ie ci Poe elt ares a Lara ek ee A 30 4.48 5.94 
cone ths teen } 41 152 163 173 T82 Seo Meee een meee | pee eee ee 32 5.47 7.07 
zfe GRA. Serer (eeu en eee 183 106 208 BELONG cashiers) utseeeahae  ailitth ie amen toate aie aerate lie tae Sad 35 6.57 8.30 
UE! 0 =| (RRR Fee cee he eae eee 216 231 245 258 brie Wal ray eee eA ERE A I Kiruataeye, oe 38 7.76 9.62 
20S (“ir i Se A DS Secret Ma 311 330 348 365 BS Oi eee aves Weegee ri \ hese eae ede 43 10.44 12.57 
AMEE the sce saillecup eine 8s hse aces hae a 363 427 449 472 503 BBE flea creer dl eats aeons 48 D3 o5h 15.90 
SSRN a RMT oA coors io.h 2) | Satars ms re 505 530 505 503 632 602 FAS ca Ie seyan ge ae 54 16.98 19.64 
SOMMER Peat mM CA Cosas, neat Sheiiaoa ats, 2iilm ccct a aes 658 604 728 776 840 918 O81 59 20.83 22,0 
Ee Nie et Cyc ttl Re a weal eRe ROREETC ES (eae mene 7902 835 876 034 1023 II05 I181 64 25.08 ered) 
A ee ee ae oR Ree (Ree mee | Ser ret cal Pees Soar 905 1038 I107 I212 1310 1400 70 20718 33.18 

| 
84 Sogo) cos onc Onn nnn 1163 I214 12904 1418 I531 1637 75 34.76 38.48 
90 Weer Oy elle Hace arab mavens aia Wesker teas cae sac araw als tx 1344 I41s 1406 1639 1770 1803 80 40.19 44.18 
CCE MEE Sale) ree a At [le Pea cee wi icrnen arocer tel] hae anssive 8 RSs7, 1616 1720 1876 2027 21607 86 46.01 50.27 
pire) sk ESA Some P Marta Ait Was. x sescc teucliay [lat avhoisa (a sae (ca ahaa ounaciet ‘all a teeere-g, ac-aiat fiwe Meader ackse 1946 2133 2303 2462 90 Bei 28: 56.75 
108 sr eafeesey es sPers eee | Brie ard hoa acasns br echees caren cul | teen. OR trata 2192 2402 2504 2773 96 58.83 63.62 
SEE aR ere Se ica my ier ia lls sum Aske hors a aeaunae Af Soe: Asada | Ree Mae 2459 2687 2903 3003 IoL 65.83 70.88 
TE Merge cota pgs eR achat hectare near a ae ise (oe eae (PRCA reese en a ( 2090 3230 3452 106 W202 78.54 
Fea Cm ber eS at ac ea ural] Kava hat ard kahinl Pawcsa etal o s0et| ata Suase ete & drivin ea aesierrs all eovetessnrreun acl hpxcaz econ ee 3308 3573 3820 EES 81.00 86.59 
Fee oe A Sy Give ficcate aa a Aisi ba anata ccs, aa, etisrix as = fale) ang ala) | halite yess l| ns sacs seers tare: eceta evel 3642 3935 4205 117 89.10 95.03 
TE mA ork Rie siracas ior oie Sia "Sal ievare'el ataLa’ a SE kerala a [ov cesses fee ees fee eee ec tleee eee, 3991 A311 4608 Ta 97-75 103.86 
T44 PROM nae aera arc. Salli Naenuts a ace Io ae eee eo RO gt eee 4357 4707 5031 Wer) 106.72 eae ye BKO) 
The capacity of safety valves, according to the regulations of the in which A =total area of safety valve or valves, sq. ins. 


Board of Supervising Inspectors of the Steamboat Inspection Service 
of the United States, is expressed by the formula: 
W 
A=.2074 Pp 
in which A =area of valve disk, sq. ins., 
W =weight of steam discharged per hour, lbs., 
P=absolute pressure, lbs. per sq. in. 

The above formula, due to L. D. Lovekin, chief engineer New 
York Shipbuilding Co., assumes the lift of the valve to be one- 
thirty-second of its diameter. Experiments by P. G. Darling, 
mechanical engineer Manning Maxwell and Moore (Trans. A. S. 
M. E. 1909) show that safety valves do not lift in proportion to their 
diameters; that the lift is practically the same for a large, as for a 
small valve, smaller for the larger valve if anything, and is around 
three-thirty-seconds of an inch for all valves in normal condition. 
From this fact and Napier’s formula for the discharge of steam through 
an orifice, Power (Mar. 9, 1909) deduces the very simple formula: 

Ww 
a=. Lp 
in which d=diameter of disk, ins. 
the remaining notation being as before. 

Mr. Lovekin’s formula, which has proven sufficient, gives the 
same results as Power’s formula for valves of 2.64 ins. diameter. 

The Massachusetts formula is: 


A=770 ud 


W =lbs. of water evaporation per sq. ft. of grate surface 
per sec. 
P=boiler pressure (absolute). 


The Philadelphia formula is: 
SS 
VP X8762 


in which A =area of safety valve, sq. ins. per sq. ft. of grate. 
G=grate area, sq. ft. 
P=boiler pressure (gage). 


The saving due to heating feed water for boilers may be determined 
from Fig. 13 by W. M. Wricut (Power, June 25, 1912). The use 
of the chart is explained below it. The chart is calculated for 100 
lbs. boiler pressure. For 50 lbs. pressure, percentages are less than 
.15 higher. For 200 lbs. pressure, percentages are less than .2 
lower. 

The loss due to scale in boilers may be estimated by the use of 
Fig. 15 by Cuas. BRossMANN (Power, Apr. 16, 1912). The use of 
the chart is explained below it. 

The horse-power of chimneys is given in Table 18 from Wm. Kent’s 
well known formula, the figures for the horse-power being, however, 
increased for the larger sizes by unimportant amounts by the Bab- 
cock and Wilcox Company. The table is based on the assumption 
that a commercial horse-power requires an average consumption 
of 5 lbs. of coal per hour.. 
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TABLE I.—PROPERTIES OF SATURATED STEAM 
From Steam, By Permission of the Babcock & Wilcox Co. 


nee Temperature in | Total heat in Heat in liquid Heat of, vapor- Density or Wolarences Factor of equiv- Total pressure 
Se deg. heat units from | from 32 deg. in | ization, or latent | weight of cu. Ligeia cas £6 alent evapora- Above WoC 
aD ore Fahr. water al 32 deg. units heat in heat units ft. in lbs. : “"" Ition at 212 deg. 
vacuum 

I IOI.99 Pe Sor 70.0 I043.0 00299 334.5 . 90601 | I 
2 126.2 I120.5 94.4 1026.1 .00576 L7BO) 9738 2 
3 I4I.62 II25.1 109.8 TOUS a3 00844 118.5 -9786 3 
4 153.09 1128.6 TO 4 I007.2 -OI107 90.33 9822 4 
5 162.34 Ley Pa 130.7 1000.8 . 01366 WZ j2E 9852 5 
6 170.14 1133.8 138.6 995.2 . 01622 61.65 -9876 6 
7 176.90 II35.9 145.4 990.5 -01874 53-39 -9807 7 
8 182.92 Bis cto 7 Dhaeas 986.2 -02125 47.06 -9916 8 
9 188.33 II39.4 156.9 982.5 02374 42.12 -9934 9 
10 193.25 II40.9 161.9 979.0 02621 38.15 -9949 10 
15 213.03 1146.9 181.8 965.1 03826 26.14 1.0003 I5 
20 227.95 TES Ly 196.9 954.6 .05023 I9.91 I.O005I 20 
25 240.04 LISS 209.1 946.0 06199 16.13 I.0099 25 
30 250.27 1158.3 219.4 938.9 .07360 13.59 I.0129 30 
35 259.19 II61.0 228.4 932.6 .08508 Tro75 1.0157 35 
40 207.513 1163.4 236.4 927.0 09644 10.37 1.0182 40 
45 274.29 1165.6 243.6 922.0 .1077 9.285 1.0205 45 
50 280.85 1167.6 250).2 917.4 . 1188 8.418 1.0225 50 
55 286.89 1169.4 256.3 OLS AE 1299 7.698 1.0245 55 
60 292.51 TI71.2 261.9 909.3 . 1409 7.007 1.0263 60 
65 207.77 T172.7 267.2 905.5 -I519 6.583 1.0280 65 
70 302.71 1174.3 Dy (2) 902.1 .1628 6.143 1.0295 70 
75 307.38 1175.7 276.9 898.8 . E736 5.760 1.0309 aS 
80 311.80 II77.0 281.4 805.6 .1843 5.426 1.0323 80 
85 316.02 1178.3 285.8 892.5 - 1951 5.126 I.0337 85 
90 320.04 1179.6 290.0 880.6 .2058 4.859" 1.0350 90 
95 323.89 1180.7 294.0 886.7 e205 4.619 I.0362 95 
100 327.58 II81.9 2907.9 884.0 T2275 4.403 T0374 100 
105 331.13 1182.9 301.6 881.3 .2378 4.205 1.0385 105 
110 334.56 I184.0 305.2 878.8 .2484 4.026 1.0396 be ae) 
IIs 337.86 1185.0 308.7 876.3 .2589 3.862 I.0406 II5 
120 341.05 1186.0 312.0 874.0 - 2695 BayLL 1.0416 120 
125 344.13 1186.9 315.2 ch Gate f . 2800 2.571 I.0426 125 
130 347.12 1187.8 318.4 860.4 - 2904 3.444 1.0435 130 
140 352.85 1189.5 324.4 865.1 SSELS Bate 1.0453 140 
150 358.26 TIO .2 330.0 861.2 3321 3.011 1.0470 150 
160 363.40 1192.8 335.4 857.4 +3530 2.833 1.0486 160 
170 368 . 29 1194.3 340.5 853.8 .3737 2.676 I.0502 170 
180 372.97 II95.7 345.4 850.3 * £3945 2535 1.0517 180 
190 377.44 1197.1 350.1 847.0 “«AL53 2.408 1.0531 190 
- ae ee ae 843.8 -4359 2.204 1.0545 200 
is ees eee 305.1 836.3 - 4876 2.051 I.0576 225 
ae aks aoe i 820.5 Aeron 1.854 1.0605 250 
ses pee eae 383 823.2 -5913 I.601 1.0632 Pg ks} 
; : 391.9 817.4 644 1.553 1.0657 300 
eee ee eo) sees | ee re 
375 438.40 1215.7 ve i a es see eee oe 
400 445.15 E207 a7 ie ay ey see pee ee 
500 466.57 1224.2 es ae oe enon meee om 
: 444.3 779.9 1.065 -939 1.0812 500 

Steam and Coal Consumption condensing engines use 18 to 22 Ibs.; while the best types of multi- 


expansion condensing engines utilizing superheated steam have re- 
duced the steam consumption below 12 lbs. per h.p. hour. Table 2 


gives the relative efficiency of various types of pumping engines. 
362 


The coal consumption of steam engines varies with the type. Single- 
cylinder non-condensing engines use 28 to 50 lbs.; ordinary compound 
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TABLE 2.—EFFICIENCIES oF VARIOUS TypEs oF Pumpinc ENGINES Usinc SATURATED STEAM 
From Steam, By Permission of the Babcock & Wilcox Co. 


Type 


Condensing. 
Direct acting and crank and fly-wheel, Triple expansion 
Direct acting and crank and fly-wheel, Compound 
Direct acting low duty 
Direct acting low duty 

Non-condensing. 
Direct acting low duty 


Triple expansion 
Compound 


SEripleexpansiondeccdsurecaen en 
Direct acting low duty.........<<.s« Compound iecs gocasaren moo 
Direct acting small sizes Non=compottnd.nhiecis «save nether 
Vacuum pumps, direct acting, independent 
Vacuum pumps, fly-wheel, independent 
Injectors 


Duty. 
Million ft.-lbs. work done per 1000 lbs. Lbs. of steam 
steam consumed, with varying con- per pump h.p. hour 
ditions of service 
125 to 140 TOOLS a5 
100 to 120 20to 16 
75 to 90 26to 20 
40to 60 50to 33 
50to 70 40to 28 
30to 40 66 to 50 
8 to 20 250 to 100 
8 to 20 250 to 100 
45 to 80 45 to 25 
200 5 1000 to 400 


TABLE 3.—USEFUL STEAM PER I.H.P.-HR., S, IN LBS. WITH SINGLE- 
CYLINDER NON-CONDENSING ENGINE STEAM THROTTLED 


With new engines S, may be taken approximately 1.75 lbs. less. 


TABLE 4.—USEFUL STEAM PER I.H.P.-HR., S,, IN LBS. WITH SINGLE- 
CYLINDER, NON-CONDENSING ENGINES, AUTOMATIC CUT-OFF 


With new engines these values may be taken approximately 1.5 lbs. less. 


ae USS Cut-off in per cent. of full stroke 

admission 

pressure 70 60 so | 40 S33 30 25 20 15 
30 
35 51.50] 51.00} | 
40 | 46.00) 44.50) 44.50 | 
45 2.50) 40.50) 39.50) 39.00) 
$0 39-50| 37.75) 35-75) 35.00) 35.00 
55 37-85} 35.55] 33.50] 32.25] 32.00 
60 36.50) 34.00] 31.80] 30.40] 29.95] 29.80 
65 35.25] 33.00] 30.75] 28.80] 28.20] 27.75 
70 34.25] 32 oo} 29.80) 27.80] 26.85} 26.30] 25.95 
75 | 33.50} 31.00) 29.00] 27.00] 25.85] 25.20] 24.75 
80 | 32.65] 30.40] 28.20] 26.20] 25.00) 24.30]° 23.75 
85 | 32 00} 29 80] 27.55} 25.50] 24.45| 23.52] 23.00] 22.10 
90 | 31.50} 290.35] 27.15] 25.00] 23.85] 23.05] 22.50] 21.45 
05 31.00} 28.95] 26.60 24.60| 23.35| 22.75] 22.00] 20.90 
100 | 30.60} 28.50] 26.30] 24.25) 22.90] 22.25] 21.50] 20.50) 19.60 
105 | 30.30) 28.05) 26.00} 24.00] 22.50] 21.95] 21.00) 20.10} 19.45 
IIo | 30.00] 27.80} 25.75] 23.65] 22.25] 21.55] 20.75] 19.90] 19.10 
IIs 29.75| 27.50| 25.50] 23.40| 22.00] 21.30] 20.50] 19.50] 18.96 
120 | 29.50) 27.30] 25.25] 23.05] 21.65] 21.10) 20.25] 19.25] 18.52 
125 | 29.15; 27.05} 24.95; 22.80| 21.50} 20.96] 20.00; 19.00] 18.40 
130 H 28.85} 26.80] 24.75| 22.60] 21.35] 20.75| 19.75] 18.85) 18.25 
135 | 28.60! 26.55] 24.50! 22.45] 21.15! 20.50] 19.50! 18.60] 18.00 
140 28.45) 26.30| 24.30] 22.30] 21.00] 20.30] 19.30] 18.50; 17.82 
I45 28.22] 26.15| 24.15) 22.25| 20.80] 20.15] 19.15) 18.25) 17.75 
150 | 28.05] 26.00! 24.05] 22.15] 20.60] 20.00! 19.00] 17.80] 17.55 


The approximate steam consumption of various types of steam engines 
may be obtained from Tables 3-8 and the following formulas by J. 
A. KnerscHe (Power, Nov. 12, 1912). The useful steam is to be 
taken from Tables 2-6 in accordance with the class of engine under 
consideration and to the quantity thus obtained additions are to 
be made as follows: 

The greater part of the steam loss within the cylinder is due to 
condensation and the smaller part to leakage past the piston and 
The condensation losses S- are determined from the formula 

K 
Sc= /P (a) 
in which S.=steam losses through condensation, 
P=piston speed in ft. per sec., 
K =coefficient as given in Table 7, 


valves. 


. S\. ° 
when the ratio of stroke to diameter, (;) is approximately 2. 


The smaller figures are to be applied to engines that are new or in 


very good condition. 


S 


When d 


be multiplied by the coefficients which are given in Table 8. 


differs considerably from 2, the values in Table 7 are to 


28» 

e435 Cut-off in per cent. of full stroke 

ae 

a3 a 70 60 50 AO | 33<3) 30 25 20 TS: || Las5) ato 
35 |50.50 | 
49 |44.50)40. 50/39. 50/38. 30/39.50 
45 |40.50/36.80)/35.50/34.00|33.50|/34.00/35.50 
50 |38.00/34.80)/32.50/30. 80|30. 25/30. 50/31.60 
55 |36.00/33.00/30.75|29.00|27.90/27.80/28.55|/30.50 
60 |34.50/31.75|29.50|27. 50/26. 40|25.90|26.15|/26.50/28.00 
65 |33-45|30.75|28.40|26.25|25.00|24.50|24.45|24.40|25.50|27.50 
790 |32.50/29.90/27.50/25.20/24.00/23.45|23.10/22.75|23.55|25.00|27.25 
75 |31.55|29.20/26.75|24.45|23,15|22.60|22.25/2t.60|22. 10/23.20/25.00 
80 |31.00)28.50/26.00|23.75|22.50|/22.00\21. 50/20. 80/21. 00/21.95/23.00 
85 |30.50/28.00]25.45|23.20|22.00\/21.45|21. 00/20. 00/20. 00/20. 80/21.50 
90 |[30.00/27.50/25.00/22.75|21.50/20.95|20. 50/19. 50/19. 50|19.90|20.50 
95 |29.50|27.00|24.60|22.40|21.10/20.55/20.00|19.00|19.00|19.10|19.50 
100 |29.10/26.50|24.20|22.00|20.85]20. 10/19. 50/18. 60/18. 45|18.50\19.00 
105 (28.80/26. 10/23.90/21.65|/20. 45/19. 80/19. 00/18. 40/17. 85/18.00/18.50 
TIO |28.50/25.75/23.65|21.45/20. 10/19. 50/18. 80/18. 15/17.45|17.50|/18.00 
IIS |28.25/25.55/23.40|21.20/19.85|19. 20/18. 55/17. 80/17.00|17.10/17.55 
120 |28.00)25.40/23.15|21.00/19.55|19.00)18. 35,17. 50\/16.60/16.80/17.10 
125 |27.75|25.25/22.95|20.75|19.40|18. 80/18. 10/17. 20/16. 40/16. 50|16.65 
130 |27.50/25.10|22.75/20.50|19. 25|18.60|17.90/17.00|16. 25/16. 25/16.35 
135 |27.35|/24.90|22.55|20.30|19.05|18.45|17.60/16. 80|16.10|16.00/16.00 
140 |27.10/24.65/22.40|20.15|18.85|18.30/17.35|16.55/15.95|15.75|15.55 
I45 |26.90/24.45]/22.30|20.00/18. 70/18. 15|17.10/16.45|15.70]/15.55/15.25 
150 126.75'24.25!22.15!19. 88/18.55!118.00116.95116.35115.50115.40'15.00 


If the admission steam is superheated sufficiently, cylinder con- 
densation may be entirely avoided. With cutoff in the high-pressure 
cylinder ranging from 40 to 25 per cent. a superheat of from 175 
to 250 deg. Fahr. is sufficient to prevent condensation. But even in 
such a case, Sc must not be taken as zero, because superheated 
steam, compared with saturated steam, does less work in the engine 
cylinder on account of the more rapid fall of its expansion curve and 
also, because heat is required to superheat the steam. If Sc is de- 


termined from the formula are when superheated steam is 


used, then K will be from } 


given in Table 7. 
For single-cylinder engines the leakage past the piston Si may be 
determined according to the formula 


to 4 the value for saturated steam, as 


ee 7 Se () 
aA pppoe bee .P 
in which 7.hp.=indicated h.p., 
P=piston speed in ft. per sec. 
For compound engines the leakage loss is 80 per cent. and for 


triple-expansion engines 64 per cent. of the value given by this 


wal 
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TABLE 5.—UseFuL STEAM PER I.n.P.-HR., S, IN LBs. WITH SINGLE- 
CYLINDER CONDENSING ENGINES, AUTOMATIC CUT-OFF 


With new engines these values may be taken from 1 to 1.5 lbs. less in 


the smaller cut-offs. 

aa : anit = = = 

on YF o 

5 4 3 Cut-off in per cent of full stroke 

ae ¢ ba 

# a 8, | SO eAonisse3.| 30. | 25. |) 20 I5 | 125° cos eas 
35 |24.15 | | 
40 |23.55|21.50 20.20/19.40 18.60/17.80|16.95|16.95/16.60 
45 (23.25 21.10/19.85 19.00 18.35|17.45|16.70|16. 50/16. 30|16. 15} 
50 |23.00|20.80 19.55 18.75 18.05 17.10 16.45/16.10)16.00)15.75 16.10 
55 |22.75|/20.60/19.30 18.50|17.80|16.90/16.15 15.75|15.75|15-45|15.05 
60 /|22.50|/20.45|19.10)18.25|17.55 16.70|15.90|15.50|15.50/15.15|15.45 
65 |22.30/20.30 18.90/18.05 17.40/16. 50|15.70|15.30/15.35|14.95)15.25 
70 |22.10)20.10 18.70/17.95 I7,25/16.35|15.50|15.10/15.20|14.75|15.05 
75 21.95 /19.97 18.55 17.80/17. 10 16.18)15.35)15.00|/15.05 14.60)14.85 
80 21.80/19. 81/18. 40|17.72/16.95|16.05|15.20/14.90/14.90|14.50|14.65 
85 21.70|19.70 18.25 17.60|16.85|15.97/15.05|14.80/14.75|14.40|14.45 
90 |21.60 19.60)18.10|17.50 16.75|15.85|14.95|14.70|14.60}14.30/14.25 
95 |21.50 19.50/18.00 17.42/16.65|15.75 I4.85|1%4.67|14.50/14.20/14.05 
100 21.40/19. 40/17.93 17.35/16.55|15.65|14.75|14.60 I4.40)14, 10/13.90 
105 21.30|19.30/17.85|17.27|/16.45|15.55 14.67|14.53|14.30|14.00 13.80 
IIO |21.20/19. 20/17. 76)17.15|16.40|/15.45|14.60/14.45|14.20/13.95|13.75 
II§ |21.10/19.10|17.67|17.07/16.35|15.37|14.55|14.40/14.10|13290/13.70 
120 |21.00|19.00/17.60|/17.00/16.30|15.30|14.50|/14.35|14.00/13.85/13.65 
125 |20.90/18.95/17.55|16.95|16.25|15.23|14.45/14.30/13.95/13. 8013.60 
130 |20.80/18.90/17.50/16.90|16. 20|15.15 14.40|14.25|/13.90]13.75|13.55 
135 |20.75|18.85 17.45 16.85|16.15 15.08/14.37 14. 20|13.85 Lge 7OlE3).50 
140 |20.70/18.80/17. 40/16. 80|16. 10/15.00|14.35/14.15|13.77|13.65|13.45 
I45 |20.65/18.75|17.35|16.75/16.05/14.9£|14.32/14.10/13.75|13.60/13.40 
150 |20.60!18.70!17. 30116. 70116.00!14.92'14.30!14.05'13.73'13.55'13.35 

formula. With engines in very good condition S; may be only one- 


half the foregoing values while, with pistons in visibly leaky con- 
dition, the leakage loss may be twice this or even more. 

The condensation losses in the steam lines plus any water carried 
over with the steam when the boilers prime may be taken from 4 
to ro per cent., depending upon the size and length of the steam line, 
its covering and the frequency w th which the boilers prime. 

The method of procedure is best shown by an example: Required 
the steam consumption of a 42X6o-in. vertical, single-cylinder, 
piston-valve throttling engine, the diagrams from which are shown 
in Fig. 1. Taking first the top end: 

Useful steam per indicated h.p.-hr. from Table 3, S,,=34.25 lbs. 

Average admission pressure = 67.8 lbs., absolute. 

Cut-off = 73.45 per cent. 


Ratio of stroke to diameter (;) =1.43. 
Piston speed (P) =5.36 ft. per sec. 


Then 
V/ P= 5.30=2.315 
From Tables 7 and 8, K=27.93X.91=25.4, and from equation 
(a) 


The leakage losses S; from equation (b) are 
35:14 3.62 
V289X5.36 5-36 


the h.p. being computed from the indicator diagram, Fig. 1- 
Therefore, 


S=34.25+11+1.57 =46.82 lbs. 
The steam-line losses are taken at 4 per cent.; hence the total 
steam consumption is 46.82 X 1.04 =48.7 lbs. per h.p.-hr. 
Taking next the bottom end: 
Useful steam per indicated h.p.-hr. from Table 3, S,,=33.5 lbs. 
Average admission pressure= 57.8 lbs., absolute. : 
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Taste 6.—UsEFUL STEAM PER I.H.?.-HR., Sy, IN Las. WITH 
CompouND CONDENSING ENGINES 


These values are for engines in good condition and well defined cut-off 


and without preheating in the receiver. 
With new engines these values may be taken from 1 to 1.5 lbs. less in the 


smaller cut-offs. 


Avg. abs. ad- |Cut-off in per cent. of full stroke reduced to low pressure cyl. 
mission pressure | 25 20 15 12.5 Io 7 5 4 

40 
4S 17.50) 16.45| 15.25| 14.80) 14.50] 14.75] 15.30 
50 I7.25| 16.10] 15.00] 14.50) 14.10] 14.25) 14.50 
55 16.95| 15.85] 14.80] 14.15) 13.65] 13.75] 14.00 
60 16.70] 15.55| 14.60] 13.85] 13.25] 13.40] 13.50} 13.50 
65 16.50] 15.35| 14.40] 13.65] 13.10] 13.05] 13.00) 13.00 
70 16.35| I5.15| I4.20| 13.50| 12.95] 12.70] 12.60) 12.75 
75 16.25] 15.00] 14.00] 13:35] 12.85] 12.50] 12.25) 12.50 
80 16.15] 14.90] 13.85] 13.25) 12.75] 12.30] 12.00) 12.25 
85 16.05| 14.80] 13.70] 13.15] 12.65] 12.10] 11.80] 12.00 
90 TAOS) Ul yOl| ak ieans|| ekinOs|| wHqts| wie gOk|| suns) Gon 475) 
95 I5.90| 14.65] 13.45] 12.95] 12.45] 11.85] 11.45] I1.50 
100 THOS LA LOO Lies Si eL2 Oil eGo eles 7> | ks le 3 Olea teteerS 
105 £5.82) 14.55] 13.25| 12.80) £2;-25| 1b, 05) th 20) 5 reZo 
110 T5179) EA SO) LS S|) 2 7 hae OS er en 55! ede tO) asa 
II5 15.76| 14.45 13.05] 12.60) 12.05) II.45] I1.03) I1.00 
120 15.73) 14.40] 13.00) I2.50] I1.05] FI.35| 10.94) 10.90 
125 I5.70| 14.35| 13.00] 12.45] 11.85] 11.25] 10.83] 10.80 
130 L507) eEA. 30) 12.07 L2.A420 Cres) LhekS|) On 7/5) LO. 
135 15.64| 14.25| 12.95| 12.39| 11.65] 11.05] 10.67] 10.60 
140 I5.6| 14.20] 12.93) £2.36) 11.55) 10.05) 10.60) 10.50 
145 E5.58| 14.27 12.90) £2435] TE.45| 10.95) DO.53)) LO. 40 
I50 T5255) L405) 22.00) £2532) LL VAS LONSOl LOmA7 LOmsO) 


TABLE 7.—VALUES OF K IN FORMULA (a) 


Engine type Ik 


27.938 to 25.952 
23.955 to 19.963 


Throttling, single-cylinder, non-condensing.... 

Automatic cut-off, single-cylinder non-con- 
densing. 

Automatic cut-off, single-cylinder, condensing .. 

Compoundticondensingen a eee ei 

Triple-expansion, condensing......... 


21.959 to 19.963 
19.95 tO17.955 
16.758 to 15.96 


Bottom End 


32,15 R, P.M, 
50 Lb. Spring 
6'Piston Rod 
M.E.P. 44,68 Lb. 
I1.H.P. 301.5 


Top End 


82.15 R.P.M. 

50 Lb. Spring 
6’Piston Rod 
M.E.P, 43.75 Lb, 
IL.H.P, 289.0 


Fic. 1.—Indicator cards for calculated example. 


TABLE 8.—CORRECTIONS FOR VALUES OF K 


ue ivapprocinaialy Then K in Table 5 is to be 
d multiplied by 
I .82 
I.25 .87 
1.50 Ou 
2.00 1.00 
2.50 1.08 
3.00 Dak 
4.00 I.20 
5.00 I.41 


THE STEAM ENGINE 
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TABLE 9.—MEAN Forward PreEssuRE OF STEAM PER Ls. or INITIAL PRESSURE 


Cut-off in fractions Percentage of clearance 

of the stroke 0 I 1. 2 2.5 3 3.5 4 4.5 5 Gai) 6 OS af 

; ‘ ial 
10 on «3303 3439 -3505 - 3508 - 3630 - 3690 -3750 . 3808 - 3864 - 3919 -3974 -4027 -4076 4126 
+ -125 3849 3966 - 4023 .4078 lieve 4187 .4237 .4287 - 4338 - 4386 -4433 -4480 4527 A571 
Q .167 . 4662 4757 . 4802 .4844 . 4890 - 4933 -4973 . 5014 - 5056 «5006 +5134 ek -5210 5245 
Te .188 5013 5007 - 5138 5181 To2r7 5259 5205 ~beS2: - 5367 5405 -5440 +5474 -5511 5546 
B 20 5219 5208 5336 -5376 5414 -5440 5482 25527 5550 5588 5623 . 5656 5687 5716 
t mas 5966 6025 .6050 6000 6120 6148 6174 6207 16229 6258 .6286 6312 - 6336 6359 
to -30 . 6600 6663 6684 6712 .6729 6755 .6779 6803 .6825 6845 6864 6882 -O91T 60927 
3 “336 6088 7020 7047 .7076 . 7002 . 7106 Sys -7144 7168 . 7190 HRP) PFS +7239 7257 
; % 2375 7433 7458 -7476 +7494 - 7510 1525 ©7539 7569 7582 7593 . 7003 7630 7639 7646 
5 -40 7665 - 7001 - 7719 -7729 +7738 -7765 -77172 Sv MRS . 7802 . 7806 . 7829 - 7831 - 7853 7874 
3 .50 8466 8484 . 84092 . 8503 8513 8522 . 8530 - 8530 . 8548 8556 . 8565 8573 8582 8500 
5 .60 9064 9076 9081 9087 .9002 -9007 -9102 9107 ,O112 9117 9122 19127 -OLs2 9136 
3 625 9188 O04 .9201 .9206 .9210 -9215 .9220 .9224 9228 .9233 .9237 .9241 -9245 9249 
3 -667 9371 9378 9382 -0385 -9389 -9302 +9396 -9399 9402 -9405 -9408 9411 +9415 9418 
io 7O 9497 9502 +9505 29508 -OSII 9513 -9516 -9518 +9521 +9524 -9520 -9528 +9531 9533 
x 75 9657 0661 : 9663 | -9665 | 9667 9668 .9670 9672 9674 0675 .9677 .9679 9680 9682 
Cut-off = 70.5 per cent. Therefore, 


G 


Zero 0 
Line 0 


ondensation losses Sc same as for top end or rr lbs. 


eT - 
Leakage losses ———————— ac° 
NAPS OT NCS. 20 5:37 


Mean Absolute Pressure, in Decimal Parts of Absolute Pressure of Admission 


aeiahatattatetct 
NS SSS 


10}-- 


-20 30 40 .50 


Cut-off | 
Fic. 2—Mean forward pressure of steam used expansively. 


10 


10 


.60 


.50 


40 


.30 


-20 


1.00 


-90 


.80 


S=33.5t11+1.55 =46.05 lbs. 
The steam-line losses are taken at 4 per cent.; hence 
steam consumption is 
46.05 X1.04 =47.9 lbs. per h.p.-br. 
Therefore, the average steam consumption for the engine is 48.3 
bs. per i.h.p.-hr. 


the total 


Power Calculations 


The theoretical mean effective pressure of steam used expansively 
is given by the formula: 


M.e.p 


ep ieee 


if 

In which P =absolute initial pressure, 
p=absolute back pressure, 
y=ratio of expansion. 

The same results may be more quickly obtained from Table 9, 
by F. R. Low (Power, Sept. 26, 1911). The table gives directly the 
absolute mean forward pressure per lb. of absolute initial pres- 
sure. The quantities of the table are to be multiplied by the abso- 
lute initial pressure and from the result the absolute back pressure 
is to be subtracted, the result being the mean effective pressure. 

Essentially the same results, neglecting the effect of clearance, 
may be obtained from Fig. 2 by PRorressoR RANKINE (The Steam 
Engine and Other Prime Movers) which is self-explanatory. 

After obtaining the theoretical m.e.p. it is to be corrected for 
clearance and compression which may be done, with sufficient accuracy 
for most purposes, by multiplying the theoretical m.e.p. by .96. 

The actual or expected mean effective pressure may then be obtained 
by multiplying the result by the proper factor from Table 1o from 
Seaton’s Manual of Marine Engineering. 


TABLE 10.—F ACTORS FOR OBTAINING EXPECTED FROM THEORETICAL 
MEAN EFFECTIVE PRESSURE IN STEAM ENGINES 
Type of Engine Factor 
Expansive engine, special valve gear or with separate | 
cut-off valves, cylinders jacketed. if oe 
Expansive engine having large ports, etc., and good 
: ; 3 g to .92 
ordinary valves, cylinders jacketed. 
Expansive engine with ordinary valves and gear as in | a tonne 
general practice, unjacketed. see i 
Compound engines with expansion valve to h.p. cylin- 
der, cylinders unjacketed and with large ports, etc. ey 


Compound engines with ordinary slide valves, cylinders | ae 


: 8 

jacketed and good ports, etc. 5 
Compound engines as in general practice in merchant 

marine service with early cut-off in both cylinders, without / .7 to .8 


“jackets and expansion valves. 
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TABLE 11.—ACTUAL EXPANSION RaTIos 

Per cent,| Points of cut-off 

of clear- — 

ance 10 125 20 | .25 .30 eee, evo || ace .50 .60 625 | .70 75 Yeon | We75 .90 
Nan | Aiea 9.181 | 7.481 | 4.800 | 3.884 | 3.258 | 2.944 | 2.623 | 2.463 | 1.083 | 1.655 | x.500 1.422 | 1.328 1.246 | 1.141 I. 109 
ROEQ SM siy om vote 9 7.363 | 4.764 | 3.875 | 3.24 2.930 | 2.612 | 2.454 |] 1.975 | 1.653 | 1.588 | 1.421 T7S27 1.246 1.140 I.,109 
OE EON radio orc 8.826 | 7.25 4.720 | 3.830 | 3.222 | 2.916 | 2.602 | 2.445 | 1.970 | 1.650 | 1.585 | 1.419 | 1.326 a eyes 1.140 I.109 
SoS Ne ieee | 8.659 | 7.133 | 4.677 | 3.803 | 3.204 | 2.902 | 2.592 2.436 | 1.006 | £.647 | 2.583 | 1,438 || ro325 I.244 I.140 1.108 
NOD cos ate on 8.5 7-034 | 4.635 | 3.777 | 3.187 | 2.880 | 2.582 | 2.428 | 1.961 %,645.) 2, 585 Lo4rO | £4325 1.243 Opp bee I.108 
O22 5 Wy eos «ce 8.346 | 6.932 | 4.505 | 3.752 | 3.170 | 2.876 2.574 | 2-420 | 12056.) 1.642) 505701) Tears | 1.324 7-243 I 135 1.108 
BOZSOU Ne eee. ts 8.2 O2833 (84-555 Wes er27e) 3-253. | 2esOs ll 2as6e 2.AET || 1-052 | t-640, | 1.576 |) Pears, | Tese2. b242 Eee I.108 
BOQ ie ae. wae $2088 | 6.738 | 4.510 | 37702 | 3.137 | 2-850 | 20552 |) 27403 E047") £.637 T2574. Pe Are Dose I.241 1.138 Taoy. 
aS ts ail een T2933 |-OLOF5 4 Ale | O77 Sal Ss. 22k Wee eso | Qn SAS 2.305 1.943 ¥.624 | 2.872 1.410 |) %.320 Te 240) 1.138 t:107 
ATE eRe eee 7-792 | 6.555 | 4.440 | 3.654 | 3.105 | 2.824 | 2.533 | 2.397 |) ¥.938 | T2662 570 I.409 I.319 1.240 Latso I. £07. 

| 
POSSOG saa aw ss | 7.666 | 6.468 | 4.404 | 3.631 | 3.0890 | 2.812 | Z-524 22379 || 1.034 |) 1.620) | z..568—) 5.408) |) cegus I.239 1.137 1.106 
OS ZO ill a ican oie eS 7-545 | 6.390 | 4.484 | 3.608 | 3.074 | 2.800 | eS I eee || 030) | 2-627 1.566 E.400) | 3 2307 1.238 1.136 I.106 
POA Mey cccce o-~ Fc t2 Sa On 303 5) ARS sagas 3.058 | 2.788 2-506 | 2.363.) 1.025 | 1.625 || 1.563 E405 | 17306 1.238 Tole Ce) I. 106 
POAZS ines eos | 7a SESi fh O2220 | 42208 his e564 ag_043 2 TO | 2.497 | 2.355 £025 E2022 I.561 1.404 ie BES E2a7 12.236 I.106 
ROABSOM Ae sles ts 7.206 | 6.147 | 4.256 | 3.542 | 3.028 | 2.764 | 2.488 | 2.348 | 1.917 | 1.620 | x 569 | 1.402 | 1.314 1.236 T2135 1.105 
| | 
OAT Nike ae ee 7-102 | 6.082 | 4.232 | 3.521 | 3.014 | 2.752 | 2.470 2-340" || TOS 16179) 557 4) eeAoT TeaEs iets 1.235 LATOS: 
OB Nara tare 7 6 4.2 Ss 3 | 2-741 | 2.470 | 2.333 | 1.907 TOES 1.555 | 1.400 | Pg12 Teas Eigs. I.105 
SOA eee 6.901 | 5.985 | 4.168 | 3.478 | 2.986 | 2-730 |) 2240% || 2-325 || r 004 rt O13 Ir 1 553) 25308 bape tre 1.234 1,134 I.104 
BON SOM Nan ces ce. 6.806 | 5.861 | 4.130 | 3.459 | 2.971 | 2 719 | 2.453 | 2.318 | 1.900 | 1.610 | 1.551 | 1.307 Py 3r0 roa 1.134 I.104 
BOS ii Narapeetners 6.714 | 5.794 | 4.106 | 3.439 | 2.957 | 2.708 | 2.445 | 2.311 | 1.896 | 1.608 ¥. 549 |) ¥23906'| 35300 L233 1.134 I.104 
| | 

43 | ae 6.625) |-5.720 | 45076. | 3.458 2.944 | 2.697 |-2.436 | 2.304 | 1.892 1.606 | 1.547 1.304 | 1.308 1.232 £233 1.104 
POOQS ho aS: 6.538 | 5.666 | 4.047 | 3.407 | 2.055 2.686 | 2.428 | 2.207 | 1.888 1.603 1.545 I.303 En3O7) E232 T2133 I.103 
POOEO Watts ys 6.454 | 5.605 | 4.045 | 3.380 | 2.017 2.675 | 2.420 | 2.2090 | 1.884 |, &- 60%.) 1543) || £302) Fes06 1235 Se i, FOS 
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TABLE 12.—HORSE-POWER OF SINGLE-CYLINDER STEAM ENGINES 
PER LB. oF MEAN EFFECTIVE PRESSURE 


Diameter of Diameter Speed of piston in ft. per min. 
of piston- | 

evi, ins. tod, ins. EG: 4oo ft, 500 ft. 600 ft. 700 ft. 
10 12 - 00234 -936 L227 1.404 1.638 
II 1t 00284 1.136 I.42 I.704 1.988 
I2 2 00338 E352 1.69 2.028 2.366 
13 2 .00397 1.588 1.985 2.382 22779 
I4 24 00460 1.84 2.30 2.76 eae 
I5 FE 00529 2.116 2.645 | 3.174 3.703 
16 2} .00602 2.408 3.01 3.612 4.214 
17 24 .0068 ane 3.40 4.08 4.76 
18 2} -00762 3.048 3.8% 4.572 5.334 
19 2% -00849 3.396 4.245 5.094 5-943 
20 3 - 00041 3-764 | 4.705 5.646 6.587 
21 34 .01038 4.152 5.19 6.228 7.266 
22 3% - 01139 4.556 5.695 6.834 7.973 
23 33 -O1245 4.98 6.225 Tea 8.715 
24 32 - 01356 5.424 6.78 8.136 9.492 
25 3% -01472 5.888 7.36 8.832 | 10.304 
26 32 01592 6.368 7.96 9.552 | Il.144 
27 3k OnE, 6.868 8.585 | 10.302 | 12.019 
28 4 -01847 7.388 O2235 II.082 12.929 
29 44 -O1981 7.924 9.905 | 11.886 | 13.867 
30 4t -O212I 8.484 | 10.605 | 12.726 14.847 
fyi 43 02264 O-O5 htt 27 13.584 | 15.848 
32 4% -02413 9.652 | 12.065 | 14.478 | 16.891 
ig) 4% -02566 | 10.264 | 12.83 15.396 | 17.962 
34 43 -02724 | 10.806 | 13.62 | 16.344 | 19.068 
35 4k -02887 | 11.548 | 14.435 | 17.322 | 20.209 
36 5 -03055 | 12.22 | 15.275 | 18.33 | 21.385 
37 5} 03227 | 12.908 | 16.135 | 19.362 | 22.580 
38 | 5t -03404 | 13.616 | 17.02 | 20.424 | 23.828 
39 53 03585 | 14.34 | 17.925 | 2x.5r | 25.005 
40 | 54 | .03772 | 25.088 | 18.86 | 95 632 | 26.404 
41 5 | -03963 | 15.852 | 19.815 | 23.778 | 27.741 
42 53 -04159 | 16.636 | 20.705 | 24.054 | 29.113 
43 5% -04360 | 17.44 | 21.80 | 26.16 | 30.52 
44 6 -04565 | 18.26 Poa why || Varpete, | 31.955 


Actual expansion ratios at various points of cut-off when the clear- 
ance is taken into account are given in Table 11 by RoBert Griu- 
SHAW (Amer. Mach., Jan. 20, 1883). 

The horse power of engines per lb. m.e.p. may be taken from 
Table 12. 

To lay out the hyperbolic or isothermal expansion curve proceed as 
in Fig. 3. Locate the clearance line AO and the line BO of absolute 
vacuum. Through any point, as C, draw CE parallel and CD 
perpendicular to the atmospheric line. Draw radiating lines OD, 
OL, OM, etc., and from D, L, M, etc., and F, H, J, etc. draw horizon- 
tals and perpendiculars intersecting at G, I, K, etc., which are points 
of the required curve passing through C. 


iO) 
Fic. 3.—Laying out the hyperbolic or isothermal expansion curve. 


Construction and Dimensions of Parts 


Current practice in the dimensions of steam-engine parts formed the 
subject of an investigation by O. N. TRrooren (Bulletin No. 252 of 
the University of Wisconsin) from which the following is taken. 

Particulars were obtained of a large number of engines ranging 
between 20 and 4oo rated h.p. The data secured were first tabu- 
lated and separated into classes and subclasses, the two main 
classes being high-speed or quick-revolution engines and low-speed 
or slow-revolution engines (the latter class being principally the 
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Corliss). Divisions into subclasses were made in the treatment of 
such parts as the crank pin for center-crank and side-crank engines, 
while in dealing with such parts as the piston rod or crosshead pin, 
no such division was thought necessary. 

The following symbols of notation are used in the formulas given: 

D=diameter of piston, ins. 

A =area of piston, sq. ins. 

L=length of stroke, ins. 

p=unit steam pressure, taken as 125 Ibs. per sq. in. above ex- 
haust as a standard pressure. 

H.P.=rated horse-power. 

N=revolutions per minute. 

C=a constant. 

K=a constant. 

d=diameter of unit under consideration, ins. 

J=length of unit under consideration, ins. 

The commercial point of cut-off was taken at one-fourth of the 
stroke. 

Other notation than the above is explained as used. 

Diameter of piston rod: 

d=CVDL 
L being the free length. 

Values of C for high-speed engines: Mean .15; maximum .187; 
minimum .125. For Corliss engines: Mean .114, maximum .156; 
minimum .r. 

Thickness of cylinder wall: 

t=CD-+.28 in. 
1=thickness, ins., 
D=diameter of piston, ins., 
C=a constant. 

Values of C: Mean .054; maximum .072; minimum .o35. No 
characteristic difference was found between high-and low-speed 
engines. 

Diameter of cylinder-cover stud bolts: 

d=CD-+3 in. 
in which d=diameter of bolts, ins., 
D=diameter of cylinder, ins., 
C=a constant. 

Mean value of C=.o04. 

With only one exception the smallest diameter of bolts used in the 
high-speed engines was # in., and in the Corliss engines the smallest 
value was I in. 

The mean thickness of cylinder flanges for holding cylinder covers, 
where these were bolted to cylinder flanges, was found to be 1.12 
times the thickness of cylinder wall, for both high-speed and Corliss 
engines. 

The thickness of cylinder cover at the center seems to vary a great 
deal, but for the engines examined it may be taken as 2.75 times the 
thickness of the cylinder wall for high-speed engines and 1.12 times 
the thickness of cylinder wall for Corliss engines. 

Number of stud bolts for cylinder covers: 

N=CD 
in which V =the number of bolts 

Mean value of C=.72 for high-speed engines, and .65 for Corliss 
engines. 

The least number of bolts used for any engine was found to be six. 
For additional information on cylinder-cover joints and bolts, in- 
cluding a chart for the diameter and number of bolts, see below. 

The clearance volume was found to vary from 5 to 11 per cent. 
in high-speed engines and from 2 to 5 per cent. in Corliss engines. 

Ratio of length of stroke to diameter of cylinder in engines having 
a speed greater than 200 r.p.m.: 

L=CD 


Values of C: Mean 1.07; maximum 1.55; minimum .82. 


in which 
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Ratio of length of stroke to diameter of cylinder in engines having a 
speed between 110 and 200 r.p.m.: 


L=CD 
Values of C: Mean 1.36; maximum 1.88; minimum 1.03. 


Ratio of length of stroke to diameter of cylinder in engines having a 
speed less than 110 r.p.m. (Corliss engines): 
L=CD-+8 ins. 
Values of C: Mean 1.63; maximum 2.40; minimum 1.15. 
Face of piston in terms of diameter: 
w=CD 
or w=CD-+1 in. 
in which w= width of piston, 
D=diameter of piston, 
C=a constant. 

Using w=CD: 

Values of C for high-speed engines: Mean .40; maximum .47; 
minimum .30. For Corlis engines: Mean .32. 

Using the equation w=CD-+1 in: 

Values of C for high-speed engines: Mean .32; maximum .40; 
minimum .24. For Corliss engines: Mean .26. 

The box type seems to be the prevailing form of piston. The 
thickness of shell of piston in high-speed engines is about .6 of the 
thickness of cylinder wall, and for Corliss engines this ratio is 
about .7. 

The prevailing number of rings used for the piston is two, and 
the 1ings are usually turned to a diameter + in. larger than the bore 
of the cylinder. For additional details of pistons see below. 

Piston speed—high-speed eugines: 

Mean 605, maximum goo, minimum 320 ft. per min. 

Piston speed—Corliss engines: 

Mean 592, maximum 800, minimum 400 ft. per min. 

Area of cross-head shoes: 

a=CA 
in which a@=area of cross-head shoes: 

Values of C: Mean .53; maximum .72; minimum .37. 

Pressure on cross-head shoes, steam being assumed to follow as 
far as half stroke: 


125 
nC 
in which s=pressure on shoes, lbs. per sq. in., 
length of connecting rod_ 
“3 length of crank 


s= 


For high-speed engines x may be taken as 6 and for Corliss engines 
as 5.5. Values of s for high-speed engines: Mean 39.5; maximum 
57; minimum 28. For Corliss engines: Mean 43; maximum 61; 
minimum 32. 

Under normal conditions of shorter cut-off these values are 
materially reduced. 

Length of bearing part of cross-head pin in terms of its diameter: 


1=Cd 


Values of C for high-speed engines: Mean 1.25; maximum 1.5; 
minimum 1. For Corliss engines: Mean 1.43; maximum 1.9; mini- 
mum tf. 

Dimensions of cross-head pin: 


dl=KA 


Values of K for high-speed engines: Mean .10; maximum .15; 
minimum .037. For Corliss engines: Mean .115; maximum .19; 
minimum .037. 

Cross-section of connecting rod of high-speed engines at the middle 


of its length: 


in which =height, 
b=breadth. 
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Values of C: Mean 2.28; maximum 3; minimum 1.85. 

Dimensions of cross-section of connecting rod of high-speed engines 
at the middle of its length: 

b=C*/ DE, 

in which Zc=length of rod between centers. 

Values of C: Mean .073; maximum .094; Minimum .os. 

Dimensions of cross-section of connecting rod of Corliss engines 
(circular section only): 


d=C\/DL, 


Values of C: Mean .092; maximum .104; minimum .o81. 
Length of crank pin in terms of its diameter: 


1=CD 


Values of C for high-speed engines: Mean .87; maximum 1.25; 
minimum .66;. For Corliss engines: Mean 1.14; maximum 1.30; 
minimum tf. 

Diameter of crank pin: 

d—CD 


Values of C for high-speed center-crank engines: Mean .40; maxi- 
mum .526; minimum .28. For side-crank Corliss engines: Mean 
.27; Maximum .32; minimum .21. 

Diameter of main journal of high-speed center-crank engines: 


3 [TP 
d=C4 |= 
N 


Values of C: Mean 6.6; maximum 8.2; minimum 5.4. 
For Corliss engines this dimension seems best expressed by the 


form: 
3 

Values of C: Mean 7.2; maximum 8; minimum 6.4. 

Length of main journal in terms of its diameter: 

l=Kd 

Values of K for high-speed center-crank engines: Mean 2.1; maxi- 
mum 2.9; minimum 1.6.- For Corliss side-crank engines: Mean 1.9; 
maximum 2.2; minimum 1.62. 

Projected area of main journal in terms of piston area: 

dl=FA 

Values of F for high-speed center-crank engines: Mean .48; maxi- 
mum .78; minimum .32. For Corliss side-crank engines: Mean .6; 
maximum .66; minimum «5. 

For additional data on bearings of steam engines see Index and 
below. 

Weight of fly-wheel: 
1e( 12 
D?,N3 
in which W =total weight of wheel, lbs. 

This relation gives fairly satisfactory results for high-speed engines 
up to about 175 horse-power, and for this range the values of C are: 
Mean 1,300,000,000,000; maximum 2,800,000,000,000; minimum 
660,000,000,000. 


When high-speed engines of larger size are considered, the relation 
seems better expressed by: 


W=CX 


E JEL JP. 
W =CXp» ya t 1000 


Values of C: Mean 720,000,000,000; maximum 1,140,000,000,000; 
minimum 330,000,000,000. 

A somewhat greater uniformity seems to exist among the builders 
of standard Corliss engines. In these engines the relation seems best 
expressed by: 

lel JP. 
DN 

Values of C: Mean 890,000,000,000; maximum 1,330,000,000,0003 
minimum 625,000,000,0co. Corresponding values of K: Mean 4000; 
maximum 6000; minimum 28009. 


W=C K 


For additional information on the weight of steam-engine fly- 
wheels see Fly-wheels. 

Diameter of fly-wheel in terms of length of stroke: 

D,=CL 
in which D,=outside diameter of wheel, ins. 

Values of C for high-speed engines: Mean 4.4; maximum 5; mini- 
mum 3.4. For Corliss engines: Mean 4.4; maximum 5.25; minimum 
Bens 

Belt surface per indicated horse-power: 

S=CXHA.P + oh 
in which S=velocity of wheel rim, ft. per min., multiplied by the 
width of belt, ft. 

Values for C for high-speed engines; Mean 26.5; maximum $55; 
minimum Io. 

For Corliss engines, this relation seems better expressed by: 


S=CXH.P+1000 


Values of C: Mean 21; maximum 35; minimum 18.2. 

For additional data on main belts for steam engines see Belts. 

Velocity of fly-wheel rim in ft. per sec.; for high-speed engines: 
Mean 70, maximum 82, minimum 48 ft. per sec. 

For Corliss engines: Mean 68, maximum 82, minimum 4o ft. per 
sec. 


Weight of reciprocating parts: 
D2 
W=CX EN. 


in which W=weight of reciprocating parts (piston, piston rod 
cross-head and one-half the connecting rod), lbs. 
Values of C for high-speed engines (data not obtained for Corliss 
engines): Mean 2,000,000; maximum 3,400,000; minimum 1,370,000 
For the cases where the information was obtainable, the balance 
weight opposite the crank pin was found to be about 75 per cent. 
of the weight of the reciprocating parts. 
Tolal weight of engine in terms of horse-power: 


W=CXH.P. 


in which W =total weight of engine, lbs. 

Values of C: Mean 82; maximum 120; minimum 52. 

For direct-connected engines, the weight of the engine without 
the generator was found to be from ro to 25 per cent. greater than 
the weight of belt-connected engines of the same capacity. 

Values of C for Corliss engines: Mean 132; maximum 164; mini- 
mum 102. 

The dimensions of main bearings of large engines, to avoid undue 
heating, according to the practice of the late Edwin Reynolds, should 
be such that the product of the square root of the speed of rubbing 
surface in ft. per sec. multiplied by the pressure in lbs. per sq. in. 
of projected area should never exceed the constant number 375 
for an horizontal engine, or 500 for a vertical engine when the shaft 
was lifted at every revolution. 

Locomotive main driving boxes in some cases give a constant as 
high as 585, but this is accounted for by the cooling action of the 
air. 

Using this principle, Figs. 4 and 5 have been constructed by F. 
W. Sarton (Amer. Mach., Sept. 17, 1903). Fig. 4 gives the velocity 
of rubbing in ft. per min. and per sec. for shafts from 4 to 17 ins. 
diameter and for speeds from 60 to 140 r.p.m., and Fig. 5 gives the 
loads per sq. in. for various velocities and for various constants. 

The dimensions of the main frames of steam engines have received 
less attention in discussion than any other feature. When the Cor- 
liss (girder) frame was more popular than now, the author made an 
examination of a good many such frames (Amer. Mach., Feb. 14, 
1895). While the resulting data have small application to other 
types of frames they are given here in the absence of others. The 
method of comparison was to compute from measurements of the 
frames the number of sq. ins. in the smallest cross-section, that 
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From the r.p.m. in the base line of Fig. 4 trace upward to the diagonal for the diameter of the journal, thence horizontally and 
read velocity of rubbing. Find this velocity in the base line of Fig. 5, trace upward to the curve for the selected constant, thence 
horizontally and read the appropriate pressure persq.in, The journal is then to be of a length which will bring the pressure per sq. 


in. down to this figure. 


. 


Fics. 4 and 5.—Rubbing velocity and safe bearing pressures on main journals of steam engines. 


is, immediately behind the pillow block, also the compute the total 
maximum pressure upon the piston, and to divide the latter quantity 
by the former. The result gives the number of lbs. pressure upon 
the piston allowed for each sq. in. of metal in the frame. This, 
while not the actual strain upon the metal, is strictly compara- 
tive and that is all that is required for the purpose. 
Representative figures resulting from the examination are given 
in Table 13. 
TABLE 13.—DIMENSIONS OF SMALLEST SECTION OF CoRLISS ENGINE 
FRAMES 


Size of engine Lbs. per sq. in. of smallest section of frame 


10 X30 217 
12X36 248 
18X42 278 
24X48 360 
24X48 395 
28X48 575 
30X60 350° 


Tt will be observed that, speaking generally, the strains increase 
with the size of the engine and that more cross-section of metal is 


24 


allowed with relatively long strokes than with short ones, both of 
which are as we should expect. Other data of a more miscellaneous 
character show loads of about 300 lbs. on short stroke engines of 
about ro ins. diameter of cylinder, while one memorandum of a 32- 
in. engine which had been running for many years without any indi- 
cation of weakness gives a strain of 667 lbs. 

From the above the author formulated the general rule that in 
engines of moderate speed,.and having strokes up to one and one- 
half times the diameter of the cylinder, the load per sq. in. of smallest 
section should be for a to-in. engine 300 lbs., which figure should be 
increased for larger bores up to 500 lbs. for a 30-in. cylinder of the 
same relative stroke. For high speeds or for longer strokes the load 
per sq. in. should be reduced in accordance with good judgment. 

The following additional particulars of steam-engine parts are from 
Seaton’s Manual of Marine Engineering: 

Frame bolts: Stress not to exceed 4000 lbs. per sq. in. at bottom 
of thread or, for a large number of small bolts, 3000 lbs. When 
possible add 20 per cent. to the cross-section as given by this rule. 

Cylinder covers: When above 24 ins. diameter for high- and 4o 
ins. for low-pressure cylinders, cylinder covers should be made hollow 
with a depth at the center of about $ the diameter of the piston. 
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t : ° 
Pitch of cylinder-cover bolts should not exceed ~{ ee in which 


t=thickness of cover flange in 16ths in. and p=pressure on cover, 
Ibs. per sq. in. 
Flat surfaces of cast-iron sustaining steam pressure should be stiff- 


2 
ened by ribs of a pitch not greater than Xe 


in which t= 


thickness in 16ths in. and p= pressure, Ibs. per sq. in. Ribs to be 
of the same thickness as the flat surface and of a depth=23 times 
the thickness. 
Piston of the follower type: Compute 

D — 
x= 50 V pe I 


in which D=diameter of piston, ins. 
p=effective pressure, lbs. per sq. in., 


site aus D+20 
Number of ribs in piston = ae 
Thickness of ribs in piston SHINee 


Thickness of front of piston near hub=.2x 
Thickness of front of piston near rim=.17% 


Thickness of back of piston =.18% 
Thickness of hub around rod =.3% 
Depth of piston near center =1.4% 
Diameter of follower bolts =.1¢ Xi in. 


Pitch of follower bolts 
Slide valve rod: 


=t10 diameters 


LXBXp 


Diameter of valve rod= F 


in which L=length of valve, ins., 
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the ring should be released from the face plate and be reclamped 
before making the finishing cut. 

A reverse procedure is used in making the pattern. If the pattern 
is turned up round, it will be found when the gap is cut out and closed 
up, that the casting will have so departed from its circular shape that, 
unless excessive finish has been allowed on the pattern, the ring will 
not clean up at all points, and where the cut is heavy, the ring will 
be thin after turning. To obviate this, make the pattern of pattern 
size with usual finish, as though the ring were to be solid and of the 
same size as the cylinder bore. Next saw the pattern apart where 
the gap of the ring is to be, and insert a piece the size of the gap. 


7 


Fic. 8. Action of a Snap 
Piston Ring under 
Pressure 


Fic. 9.Steam Blowing Past 


Fic. 6. A Snap Piston Ring a Lapped Joint 


B=breadth of valve, ins., =i 
p=maximum pressure, lbs. per sq. in., 2 
F =12,000 for long steel rods, 
F =14,500 for short steel rods. 1 —| 
Slot links for link motion: ipa 
Let D=diameter of valve rod as above, taking 41, is g a ies 
F=12,000 3 coal 
Diameter of block pin if secured at one end a 
only =D & =I 
Diameter of block pin if secured a4 
at both ends =.75D é 
Diameter of eccentric-rod pins =.7D 8 lel b 
Diameter of suspension-rod pins a aI | 
if secured at both ends =.55D A Y, a iz 
Diameter of suspension-rod pins 
if secured at one end only =.75D 
Breadth of link =.8D to .oD 
Length of block =1.6D to1.8D f 6 3 10 12 14 16 18 20 
Thickness of bars of link =.7D Diameter of Oylinder, Ins, 
Diameter of suspension rod if but GaaarOne sees 
one =.7D ne ae 
Diameter of suspension rods if Se fe 
Pars Seep c=.1071 d+.1071 


The dimensions of snap piston rings may be de- 
termined from Figs. 6 and 7 by the author 
(Amer. Mach., June 3, 1909). The ring is cast 
large with two lugs on the inside as shown in 
Fig. 6. After being cut off and faced to thickness, the gap is cut 
out. The ring is then sprung together by a clamp on these lugs, 
when it is strapped to a face plate, or, better, clamped between two 
flanges of a special fixture, and is put in the lathe and turned to the 
true size of the cylinder bore. When the clamp is relieved, the ring 
expands again; but not to a circular shape; but when put in its 
place in the cylinder, it resumes its circular form, or very near it, 
and isa fit all around, as it should be. To secure the best results 


d being the diameter of the cylinder and the remaining notation, asin Fig. 6. All dimen- 


sions in inches 
Fic. 7.—Dimensions of snap piston rings. 
Fics. 6 to 9.—Snap piston rings and their action. 


This will spring the pattern outward to a non-circular form such that 
when the casting is cut and sprung inward for turning, it will be nearly 
a true circle in the rough, with a fairly uniform allowance for finish 
all around and with a gradually tapering thickness, as intended. 

Should the rings not come out exactly as intended, the case can be 
met to a certain extent by changing the width of the gap as there is 
no nicety about this dimension. 

Large numbers of rings have been made to the dimensions of the 
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chart and with entire success—the extreme size made being of 28 ins. 
diameter. 

Regarding the large increase in the width of gap over the more 
customary dimensions there is nothing to be said against it, as the 
strength of such rings is not sufficient to bring about any undue 
pressure against the bore of the cylinder, while it has the advantage 
that it reduces the danger of breakage when putting the rings in place 
—especially with the smaller sizes. The fact is that the rubbing of 
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TABLE 15.—DIMENSIONS FOR CROSSHEAD ENDS oF Piston Rops 
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the rings against the cylinder wall introduces a sort of peening action 
and no matter what their original strength they soon lose most of it. 

The force which presses the ring against the cylinder wail is chiefly 
the steam pressure, compared with which the force exerted by the 
strength of the ring is insignificant. 

Referring to Fig. 8, in which the clearances are exaggerated for 
clearness, the steam comes down the joint between the piston and the 
cylinder bore from right to left, and flowing down the joint ab, 
establishes full pressure in that joint and below the ring. As shown 
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experimentally by Prof. S. W. Robinson, the steam also estab- 
lishes a creeping film in the joint ad, beginning at full pressure at a 
and ending at such pressure at d as may exist at the left of d, the 
average pressure of the film being about the mean of the initial and 
the terminal pressures. Under these circumstances the outward 
pressure prevails and the ring is forced against the cylinder bore. 
It is doubtful if the eccentric construction has much value beyond 
satisfying the feeling that it is appropriate for the purpose. 

A consideration of the action described in connection with Fig. 8 
will show that the practice which some follow, of placing two rings 
in a groove is wrong. The average pressure per sq. in. of the surfaces 
in contact with the cylinder bore is substantially the same with two 
rings as with one, while the two rings, having twice the surface, exert 
twice the total pressure and double the tendency to wear the cylinder. 
On the other hand if the rings are placed in separate grooves the 


Diameter | 
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second one has only to deal with the pressure due to the leakage past 
the first, there being a progressive reduction of pressure from ring to 
ring, the tendency to leak and to wear being measured by the differ- 
ence of pressure on the two sides of aring. The fact that two rings 
in the same groove may be so placed as to break joints has no value, 
as the action is precisely the same as that of the lapped joint referred 
to in the next paragraph. 

A feature of these rings, as sometimes made, which serves no useful 
purpose is the lap joint, shown in Fig. 9. With such a joint the 
steam follows the course indicated by the arrow and escapes as 
freely as though the lap were absent. The only good effect of this 
form of joint is to prevent the tendency to streak the cylinder, due 
to a plain square joint, but this can be obviated just as effectively 
by cutting the joint at an angle. 

Eccentric rings being heaviest opposite the joint, they have a 
tendency, in horizontal cylinders, to work around to a position with 
the joint at the top of the piston, where the steam may blow through 
freely. To prevent this these joints should be placed at or near the 
bottom of the piston and pins be inserted in the grooves to keep them 
there. 

The practice of scraping the rings into their grooves when followers 
and junk rings are used, represents wasted effort as a consideration 
of Fig. 8 will show. Moreover, the accumulation of oil residue tends 
to stick such rings fast and prevent their expansion. Up to the point 
where noise results, a slight degree of looseness sideways is advan- 
tageous, as it tends to prevent this action. 
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Locomotive practice in dimensions of pistons, piston rods and A construction of piston valve which avoids the use of packing rings 
steel crossheads, as drawn up by a committee of the Amer. Ry. M.M. is shown in Fig. to (W. H. Booth, Amer. Mach., May 21, 1896). 
Asso. (Amer. Mach., June 29, t911) is given in Tables 14, 15 and16. After rough turning, the valve is slotted longitudinally, compressed 

The taper fit of piston rods in pistons and crossheads is almost by an encircling clip, turned at the ends and a V-piece fitted in a 
universal, but the author can see no reason for it. His own practice V-recess on the inside of the valve, the slot through the body being 
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Fic. 11.—Large piston valves for steam engines. 


along the apex of the V. The V-piece 
is fitted with a spring and wedge com- 
bination or other means of setting up. 
The ends are then bolted on, the en- 
circling clip removed ‘and the valve 
is finished to its correct diameter. 
Thus made, it has an initial elas- 
ticity and does not require any ex- 
panding pressure from the V, the 
duty of which is merely to close the 
longitudinal slot. 

Large piston valves of this construc- 
tion as made by the Union Iron 
Works (Amer. Mach., Oct. 12, 1905) 
are shown with a few leading dimen- 
sions in Fig. 11. The object of the 
deep circumferential recesses aa is 
to facilitate heating of the seats and 


_thus diminish distortion. The ad- 


mission of steam by the high-pres- 
sure valve is by its inside and by 
the intermediate and low-pressure 
valves by their outside edges. The 
rings forming the valves proper are 
split longitudinally and have tongue 
pieces—not shown—in the joints as 
shown in Fig. to. 


Cylinder Cover Joints 


The diameters of cylinder and tank 
head bolts may be obtained from 
Fig. 12, by F. K. Caswretit (Amer. 
Mach., July 7, 1898), the use of 
which is shown by the example 
below it. 

The unit stress for cylinder head 
bolts in good practice is about 4000 
lbs. per sq. in. on the net section, or 
3500 lbs. if the bolts are less than 3 
in. diameter, though stresses up to 
8000 lbs. are used. 

The adjustment of the diameter to 
the number of bolts to give the re- 
quired total cross-section is so made 
that the distance between bolts 
shall-not be so great as to endanger 
tightness of the joint. For informa- 
tion on this point see above. Pro- 
vision for tightness with small cylin- 
ders gives an excess of strength 
when customary sizes of bolts are 
used. 

The common gasket joint of cylin- 
der covers is a common nuisance. 
Fig. 13 shows the joint used on the 


was to make them a straight sliding fit, bottoming at the endfor the Straight Line Engine and on the engines of the Ball Engine Co. 
crosshead and against a shoulder for the piston. The straight fitis The joint is not ground but simply faced in a lathe without special 
much cheaper, not only as regards the actual fits but because the care or workmanship. The only essential for its success is that it be 


rod can be made to measure. The taper fit is chiefly a matter of narrow 
habit and tradition. 


not over ? in. wide. 
should not exceed about four times the thickness of the cover flange. 


The distance between stud centers 
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Total Bolt Area: Sq. Ins.of Net Section 
To find the number and diameter of bolts for a steam cylinder head of 18 ins. diameter, subjected to a pressure of 175 lbs. per 


: Find 175 on the pressure scale at the top, trace downward to the cylinder diagonal, 18, thence horizontally to the stress 
diagonal, say 4500 lbs. per sq. in., thence downward to the j-in. diagonal and thence horizontally and read, at the right, 25, the 
number of bolts, or, from the intersection with the stress diagonal trace downward to the bottom and read 9.75 sq. ins. the total 


° 


sq. in. 


net bolt section. By tracing vertically from the pressure per sq. in., 175 lbs., to the cylinder diagonal, 18, and thence horizontally 


to the left, the total pressure on the head, 44, may be read in thousands of lbs. 


Fic. 12.—Diameter and number of cylinder and tank head bolts. 
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Stuffing box glands should be made as shown in Fig. 15—not as 
usual, as shown in Fig. 14. With the form shown in Fig. 14, leakage 
is apt to take place around the outside of the packing, though the 
gland be more than tight enough to stop leakage around the rod. 
The bottom of the box should be flat—not beveled, as in Fig. 14. 


Areas of Ports and Pipes 


The areas of steam ports and pipes, as determined by an investigation 
of 165 single-cylinder engines ranging from 20 to 740 h.p. by Pror. 
Joun H. Barr (Trans. A. S. M. E., Vol. 18), may be expressed by the 
formula: 

— AW 
Cees 
in which a=area of port or pipe, sq. ins., 
A =area of piston, sq. ins., 
V =velocity of piston, ft. per min., 
C=mean velocity of steam in port or pipe, ft. per min. 


EGrige 


Fic. 14. 


Fics. 14 and 15.—Correct and incorrect construction of stuffing 
box glands. 


For high-speed engines using the same port for both admission and 
exhaust, the values of C are: Mean 5500; maximum 6500; minimum 
4500. For Corliss engine steam ports: Mean 6800; maximum 9000; 
minimum 5000. For Corliss engine exhaust ports: Mean 5500; 
maximum 7000; minimum 4ooo. 

For high-speed engine steam pipes the values of C are: Mean 6500; 
maximum 7000; minimum 4800; For Corliss engine steam pipes: 
Mean 6000; maximum 8000; minimum 5000, 

For high-speed engine exhaust pipes the values of C are: Mean 
4400; Maximum 5500; minimum 2500. For Corliss engine exhaust 
pipes: Mean 3800; maximum 4700; minimum 2800. 

In the case of plain slide-valve engines it has long been taught that 
the port should be opened to steam about 2 of its width, but prevail- 
ing practice with high-speed single-valve shaft-governor engines has 
shown that a simple constriction in a steam passage does not obstruct 
the flow of steam as much as has been supposed and that so large 
an opening is unnecessary. 

Fig. 16 gives indicator cards from such an engine, with 1oXto-in. 
cylinders (Amer. Mach., Dec. 6, 1900), taken under the following 
conditions: The engine was loaded with a friction brake, so that the 


load could be varied, and cards were taken at various loads. 
valve rod had a sharp point attached, which was made to scribe a line 
on a strip of tin pressed against it at the instant of taking the card. 
In this way a record of the exact valve travel at the instant was 
obtained, and by working backward through the known dimensions 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


The 


of the valve and ports, the exact openings which gave the various 
cards were determined. As it was impracticable to insert the steam 


——\ 
Card 1, Speed 801 R.P.M. Valve Travel 
1.745 Ins, 


Card 2, Speed 801R.P.M. Valve Travel 


1.755 Ins. 
mt a + 
=| =] 
a 
Ho} 
4 
a 
1 
ey 
Card 3. Speed 800 R.P.M. Valve Travel 
1.86 Ins, 
e | 
=| = 


fee obs, -—| 


Card 4, Speed 301 R.P.M. Valve Travel 
1.98 Ins, 


eae —93-Lbs; 


Card 5. Speed 803 R.P.M. Valve Travel 
2.37 Ins, 


Fic. 16.—Effect of small port openings on indicator cards. 


gage in the steam chest, it was placed in the steam pipe 20 ft. from 
the engine. The gage had been recently tested. No doubt the pres- 
sure in the chest was somewhat below that shown by the gage, and 
this loss due to the 20 ft. of pipe is, in the diagrams, added to the loss 
due to the ports. The cards are, however, fairly comparative, and 
they show clearly how little effect is produced by the reduced open- 
ings at the earlier cut-offs. 

The standard rule for steam ports which calls for an area such that 
the velocity of the steam in them shall not exceed 6000 ft. per min., 
would, at the speed of this engine, call for a port area equal to 8.35 
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per cent. of the piston area, while the actual area of the ports was 12 
per cent. of the piston area. Similarly the rule for the port opening 
would call for an area of opening of 6.25 per cent. of the piston area. 
The cards are numbered in order, beginning with the shortest cut-off, 
and Table 17 gives the opening figured as a percentage of the piston 
area and a comparison of this area with the area called for by the rule. 


TABLE 17.—Port AREAS IN SHAFT GovERNOR ENGINES 


Number Area of port opening as | Area of opening divided 
Oflcard a percentage of piston by area called for by the 
2 area old rule 
I | a2) . 363 
2 | 2% 36 sway 
3 Reto 524 
4 4.32 .69 
5 __-7-76 Al 1.24 


Boiler Pressure 


Fic. 17.—Indicator card from a high speed passenger locomotive. 


Average Steam Pressure, Lbs, per Sq. In. Abs. 
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That is, in cards 1 and 2 the actual area is but little more than one- 
third of that called for by the rule, while in 3, which represents about 
an average point of cut-off with economical load, it is but a little 
over one-half. Comparing the performances, the drop in the steam 
line of cards 1 and 2 is greater than in cards 3 and 4, measured at the 
most favorable point of the latter, but less when measured at less 
favorable points, while it is slightly less than in card 5, although the 
opening for the latter card has 3.41 times the area of that for the 
former. 

The influence of the steam pipe between the pressure gage and 
the steam chest vitiates the comparison to a certain extent, as, while 
its size remains fixed, more steam must be drawn through it with 
late cut-offs than with early ones, but the inference is unmistakable 
that a very decided constriction in the steam passage has a very 
slight effect on the flow of steam. 

It is common to explain this action of the small ports by refer- 
ence to the fact that they go with early cut-offs. The velocity of 
the piston being less at the early cut-offs, the velocity of the steam 
through the ports is correspondingly less, and hence it is argued that 
it should be expected that smaller ports would answer. The author 
is convinced that the importance of this action is much exaggerated. 
Were it true to an appreciable extent, the effect of the increased 
velocity at mid-stroke would appear in the exhaust line. The 
steam is forced through the exhaust port at various velocities at 
different positions of the piston, and if the action described had an 
appreciable influence, the exhaust line would arch upward; but, in 
point of fact, it is almost invariably straight. 


Average Steam Pressure, Ins, of Mercury 
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Fic, 19. 


From the desired pressure loss say .3 lb. per sq. in. per 100 ft. of pipe length trace vertically to the diameter of the pipe, say 
3 ins., thence diagonally to the vertical from the steam pressure, say 80 Ibs., thence horizontally to the right where read the 


quantity of steam delivered 20 lbs. per min. 


Fics. 18 and 19.—Drop of pressure in steam pipe lines. 
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The ports and port openings of locomotives are invariably smaller 
than those of stationary engines and yet well-designed locomotive 
valve gears give surprisingly good results, as shown in Fig. 17, espe- 
cially after making allowance for the back pressure due to the blast 
nozzle which is still smaller in area than the ports. The results of an 
examination of this subject by the author may be found in his Slide 
Valve Gears. The calculations were based on time-card speeds, which 
are necessarily much less than running speeds, and, on this basis, 
velocities of steam through the ports (that is, values of C in Professor 
Barr’s formula) were found as high as 11,000 ft. per min., and even 
this high velocity is still farther increased at the blast nozzle. The 
use of a single nozzle for both cylinders makes the comparison of 
steam velocities through ports and nozzle unsatisfactory, a better 
comparison being that between port and nozzle areas. The area of 
the nozzles was found to range between 36 and 44 per cent. of the 
area of two ports. 

The drop of pressure in steam-pipe lines is given by the following 
formula, due to Professor Unwin: 


Pydé 
W=8754| a: 
Ee) 


in which W = weight of steam delivered, lbs. per min., 
P=drop in pressure, lbs. per sq. in., 
y=density of steam, lbs. per cu. ft., 
d=diameter of pipe, ins., 
L=length of pipe, ft. 


This formula has been accepted with slight and unimportant 
changes in the coefficient and after extended tests by BrofesRo GC, 
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Experiments on the resistance of pipe fittings are few in number and 
give very discordant results. The formulas by Robert Briggs for 
these losses may be used in the absence of anything better. They 
are, for one standard go-deg. elbow: 


6d 
t=—! 
3.6 
I+ d 
and for one globe valve: 

j pee 

of 

i+ y 


in both of which /=length of pipe, ins., equivalent to one fitting, 
d=diameter of pipe, ins. 

The resistance of gate valves is negligible. 

For the resistance of screwed pipe fittings to the flow of water, 
see Index. 

The loss due to uncovered steam pipes may be determined approxi- 
mately from Fig. 20, by Cuas. BrossMANN (Power, Apr. 16, 1912). 
To use the chart, trace upward, as shown, from the length of pipe to 
the diameter, to the left to the cost of coal per ton and then down to 
the loss in dollars per year. A good covering should prevent about 
85 per cent. of this loss. The conditions assumed are a service of 
6 days of 24 hours per week, coal of 13,000 B.t.u. heating value, 
a boiler efficiency of 60 per cent. and a steam pressure of 125 lbs. 


TABLE 18.—APPROXIMATE EFFICIENCIES OF VARIOUS STEAM-PIPE 
CovERINGS REFERRED TO BARE PIPES, BASED ON I-IN. COVERING 
From Steam, by Permission of the Babcock and Wilcox Co. 


Carpenter and G. H. Babcock. It has been reduced to chart form Covering | Pies) 
by Pror. H. V. CarPenTER (Power, Dec. 17, 1912 and June 10, 1913), Asbestocel vi. sis as peer: 4 scars coat | ee 76.8 
these charts being given here as Figs. 18 and 19, instructions for use Gast’s air cell.....................-.00. 0000. ee 74-4 
appearing below them. The charts are subject to the caution due Asbesto-sponge felt..........................-... 85.0 
to the fact that they are extended far beyond the tangeiof anyexpere Magnesia 2. 2 (ee 83.5 
ments that have been made. They, however, represent the best Asbestos, navy brand.............. 9 s2 ie aos) acters «i 82.0 
existing knowledge of the subject. Fig. 18 is for high and Pig tofor Asbestossponge-hair 9.7... ..bepa eee ee 86.0 
low pressures, including those below the atmosphere. The great Asbestos tre felt.7, 0 esas ieee eee 1k) 5 
800 1000 A cheap and effective steam-pipe covering may be made 
270 i» 900 of sawdust and lime. The mixture is made up like sand 
3 Sieeaiot ania Guia mortar, using one barrel of lime to five of sawdust and 
240 : : 800 allowing several days for it to dry before turning on the 


60% Efficiency, Steam 
Pressure 125 1b, 


steam. A steam line of 107 ft. of 8-in., 219 ft. of 7-in., 


ue 
3 
o 
ne We a and 258 ft. of 6-in. pipe was covered with this mixture 
f 180 g encased in a wood box 12 ins. square inside and tamped 
3 9 down. A test of 20 days with bare pipe showed a con- 
3 &  densation of 1440 lbs. of water per hour or a fraction 
3 19 a under 1} lbs. per sq. ft. of external surface per hour. The 
ett ISSUE lel 3 covered pipe showed a condensation of 195 lbs. of water 
2 90 > per hour or 2} oz. per sq. ft. of external surface of pipe 
i= ms “@ per hour, the loss covered being 14 per cent. of that 
s uncovered. The working steam pressure was go lbs. 
oy | \ \ and the air temperature averaged about 64 deg. Fahr. 
| If the wood box is not desired “a little fire clay or 
66 Sones cia Sato a 0 oan flour mixed in makes it possible to wrap it on under a 


Total Cost in Dollars per Year 
Multiply these Amounts by +85% for actual 
wy 
Saying Using 1 Covering 8% Magnesia 


Length of Pipe in Feet 


Fic. 20.—Loss of coal due to uncovered pipes. 


velocities permissible at low pressures increase the relative importance 
of elbows. 

The charts relate to actual, not nominal, pipe diameters. They 
apply to saturated steam. For superheated steam instead of the 
actual pressure use the pressure at which saturated steam has the 
same weight per cu. ft. 


covering of muslin.” The mixture is regarded as fire- 
proof (Ff. A. Nystrom, Amer. Mach., Mar. 7 and Apr. 
4, Igor). 

Steam-pipe lines should incline about x in. in ro ft. in 
the direction of the flow of steam. 


Laying out the Slide Valve 


Laying out a slide valve may be most conveniently done by the 
Bilgram diagram, for the demonstration and many additional appli- 
cations of which see the author’s Slide Valve Gears. To lay out a 
plain slide valve proceed as in Fig. 21. Let AB be the length of 
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TABLE 19.—Loss or Heat rrom CovERED AND UNCOVERED STEAM Pipes, CALCULATED FOR 160 LBs. PRESSURE AND 60 Dec. FAur. Temp. 
From Steam, by Permission of the Babcock and Wilcox Co. 


Pipe Thickness of covering 3 in. | 2 in. | rin. | rz ins.|13 ins.| Bare 
B.t.u. per lineal foot per hour.. 149 118 99 86 79 597 
DDS ete. Pees octiee. boure Reins, Ogee cy BEE oe CE Tae Meee hoy 190 161 138 277 959 
B.t.u. per square foot per hour per 1 dea GHANA Ti WACO YMC, ean ceva oe all ayer |) sO || cGy || AWG || Hater |) 4. Tels 
B.t.u. per lineal foot per hour.. 247 193 ie) |] TEX) 123 1085 
4ins. | B.t.u. per square foot per irae : 210 164 136 118 104 g21 
B.t.u. per square foot per hour per deg: diferences in Reeaumera tate sebannnnoetay|| sOpn tl oSOe | ocea | .s3r | sass || 2.a7o 
B.t.u. per lineal foot per hour.. 252 269 221 190 167 1555 
6ins. | B.t-u. per square foot penbGuns. FNC etc ty oe ee ont AO || Wei | Mey || Lie 96 897 
B.t.u. per square foot per hour per 1 Pace riirerenee hoy Aap SAMUOVLSY, oy ov cou edwin MOLE || -aiseled | oaliwey |! .RGG || kK) 289 
B.t.u. per lineal foot per hour. . 443 Bar 276 235 207 1994 
8ins. | B.t.u. per square foot per hour.. , - Ae ig le DOO 149 122 104 92 883 
B.t.u. per square foot per hour per 1 deg: eeerences in i femsnera ite oat SGicongoone ath COR oAlhe |) ostoyt lh pee | 5 ax0%7 2.85 
B.t.u. per lineal foot per hour. . 549 416 337 287 250 2468 
to ins. | B.t.u. Ret acta took ner hours. Sty eR TO eM eee eae cen ae ales eth LOIS 148 120 102 89 877 
B.t.u. per square foot per hour per 1 des. Peifference INeMMp era tun Cmcwe aia ce ents NOZOm A777 Mle sO Tales 2 Om ee2 Or 2253 


Covering: magnesia, canvas covered. 


For calculating radiation for pressure and temperature other than 160 deg. and 60 deg., use B.t.u. figures for 1 deg. difference. 


stroke to any convenient scale, @ being the desired point of cut-off. 
Draw the crank circle A’a’B’ and project point a to it, giving Oa’, 
the cut-off position of the crank. Make de equal to the desired lead 
opening and draw fg with radius Og equal to the desired port opening. 
Find by trial point &, such that a circle struck from it as a center 
will be tangent to Oa’, fg and cd. The radius, i, of this circle is 
the lap and the diameter, mm, is the travel of the valve. The advance 
angle is equal te z’OB’, the center of the eccentric being at p, such that 
pq=kn. Ti the valve has no inside lap, Oz’ is the crank position 
and i the piston position for release and compression. If the valve 
has inside lap equal to the radius ko, compression takes place at h 
and release at b. With negative inside lap, release and compression 
change places. 


sion and release points as in Fig. 23 ata andb. Project these points 
to the crank circle by circular arcs with radius equal to the length of 
the connecting rod, giving points a’ andb’. Draw the corresponding 
crank positions and give the @ end of the valve an inside positive 
lap and the 0 end an inside negative lap equal to the radii of the 
small circles. 

The action of a shifting eccentric upon a slide valve may be 
determined as in Figs. 24 and 25. In Fig. 24 the eccentric swings 
from a center located on the center line of the crank and on the same 
side as the crank pin, that is, the center of the arc dd°®. With the 
radius of dd° and with a ceuter in the vertical center line, strike the 
arc QQ°. With the eccentric center at the full throw position, d, 
the action of the eccentric on the valve is given by the lap circles 


ee 
aun 
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Fics. 21 to 23.—The Bilgram diagram applied to a plain slide valve. 


The above construction assumes the slotted cross-head construction 
or its equivalent, a connecting rod of infinite length, and, when applied 
to the actual connecting-rod construction, it gives the mean positions 
of the events of the stroke. To find the actual positions, project, 
as in Fig. 22, the extremities of the crank positions to the diameter 
by circular arcs of which the radius equals the length of the connect- 
ing rod, giving points a’, a’’, b’, b”’, h’, kh’, of which the single primed 
letters refer to the outward and the double primed letters to the in- 
ward stroke—the cylinder being assumed to lie at the left of the 
diagram. 

To equalize compression and release, lay down the desired compres- 


struck from Q as a center and, similarly, with the eccentric at any 
other point, d’, the action-on the valve is given by the lap circles 
struck from Q’ as a center, the three cut-off positions of the crank 
being shown by tangents to the lap circles. The increasing distance 
of the lap circles above the horizontal center line as the cut-off is 
shortened shows the increase of the lead with shortened cut-off, and 
the actual lead for any point of cut-off may be measured from the 
diagram. 

In Fig. 25 the eccentric is swung from a center on the center line 
of the crank but opposite the crank pin. The centers of the lap cir- 
cles are now located on an arc which is convex downward instead of 
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upward, the general effect being the same but with the important 
exception that the lead decreases as the cut-off is shortened, as shown 
by the lap circles approaching the horizontal center line as the cut- 
off is shortened. 

The action of a Stephenson link motion on a slide valve is essen- 
tially the same as that of a shifting eccentric. If the eccentric rods 
are ‘‘open,” that is, if they are not crossed when the eccentrics are 
placed as in Fig. 26, the lead increases as the cut-off is shortened and 
the Bilgram diagram is similar to Fig. 24. If the rods are “‘crossed, 
that is, crossed when the eccentrics are placed as in Fig. 26, the lead 
decreases as the cut-off is shorteded and the Bilgram diagram is 
similar to Fig. 25. Crossed rods, however, are used but little if at all. 

The amount of variation in the lead depends upon the length of the 
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horizontal distance from the vertical center line equal to the lap, 
and locate c, d, c’, d’, at additional horizontal distances equal to 
the full gear lead, these last points being those which the eccentric 
centers occupy when the crank is on the centers. F rom these points 
lay down the full and dotted midgear positions of the link when the 
crank is on the centers, and measure the midgear travel, ef. Divide 
this in half, subtract the lap oz or on and obtain the midgeer lead if 
or en. Note that if the rock shaft has unequal arms, leading to 
inequality between the eccentric throw and the valve travel, it is 
most convenient to use the valve travel as the diametér of the dotted 
circle, the eccentric rod lengths and the link dimensions being changed 
from the actual in the proportion of the valve travel to the eccentric 
throw. 


IKE, AG. 


Fics. 24 and 25.—The Bilgram diagram applied to a shifting eccentric valve gear. 


Fic. 26.—Open eccentric rods. 


eccentric rods—the variation increasing as the rods are shortened. 
The proper radius of the link is the length of the eccentric rods plus 
such distance as there may be between the geometrical link arc (the 
curved center line of the link) and the eccentric-rod pins. With any 
other radius the variation in the lead with varying cut-off differs 
for the two ends of the cylinder. 

The layout of the Bilgram diagram for a link motion does not 
differ essentially from that for a shifting eccentric, While, however, 
the full gear lead is commonly given in advance, the midgear lead 
being dependent on the length of the rods must be found by the method 
shown in Fig. 27. Make the diameter of the dotted circle equal to 


the full gear travel of the valve and lay down points a, b, a’, b’ ata 


Fic. 27.—Finding the mid-gear lead of link motion. 


To construct the Bilgram diagram proceed as in Fig. 28. Draw 
the inner dotted circle equal in diameter to the full stroke valve travel, 
and lay down abd equal to the lap, make bc equal to the full gear lead, 
and de equal to the midgear lead, as found in Fig. 27. Now, a 
circle struck through efg will give the path on which a single shifting 
eccentric must travel to produce a valve movement equivalent to 
that given by the link of Fig. 27. Laying off hf’ equal to ht, and 
Oe’ equal to Oe, the circular arc e’f’ is easily drawn, on which the 
center of the lap circle for all points of cut-off must lie. Drawing 
the outer dotted circle to represent the path of the crank pin to scale, 
and selecting, say, the cut-off at one-third stroke for study, the point 
z is laid down such that ij equals one-third of the stroke, and by the 
perpendicular ik the crank line Ok for one-third stroke is located. 
Drawing a lap circle tangent to Ok and with its center on the line 
e’f’, we have, for the one-third cut-off: lead=In, port opening = Oo, 
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valve travel= 20, exhaust opening and closure (assuming no inside 
lap) at crank position Og. Similarly we have for the full gear a lead 
rs equal to bc, a port opening Of, a travel to twice Of’, and an exhaust 
opening and closure at crank position Of. To investigate the reverse 
motion extend the arc e’f” to g’. 

For particulars regarding practice with negative lead in the full 
gear and unequal leads in the forward and reverse gears see the 
author’s Slide Valve Gears. 


Friction of Slide Valves 


The friction of slide valves formed the subject of experiments by 
J. A. F. Asprnatyt (Proc. I. C. E., 1898). The experiments were 
upon two horizontal locomotive valves, one an ordinary unbalanced 
valve of phosphor bronze and the other a Richardson relieved valve 
of cast-iron. 

As a sight-feed lubricator was used in the experiments, it was easy 
to watch the result of increasing the number of drops of lubricant per 


Fic. 28.—The Bilgram diagram applied to a Stephenson link motion. 


min., and it was found that there was a perceptible improvement in 
the ease of movement of the valve when the lubricant was increased. 

The experiments show that the friction of slide valves is somewhat 
greater against a horizontal than against a vertical face; the coefficient 
of friction found in previous experiments for valves on a vertical 
face was .068, while in the experiments dealt with here, the average 
coefficient was found to be, for the unbalanced valve .0878, and for 
the partially balanced valve .ogrg. 

The coefficient of friction, as given in Table 20, together with the 
other results of the experiments, is calculated from the whole area 
of the back of the plain valve, supplementary experiments by Mr. 
Aspinall having convinced him of the correctness of that procedure. 
In the author’s opinion this conclusion was not warranted by the 
experiments, but, if the friction of other valves is calculated in the 
same way and from Mr. Aspinall’s determinations of the coefficient 
of friction, the results should be sufficiently correct for all practical 
purposes and doubtless within the variations due to varying condi- 
tions. For the Richardson valve, the balanced area was taken as 
that portion which is enclosed between the strips, excluding the area 
of the strips themselves. 
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TABLE 20.—THE FRICTION OF LOCOMOTIVE SLIDE VALVES 


+ = cb o ag. oO 
esis} 2) 8 | @ |.elfe] ge | eas] 2s | 38 
Bel] 4 & Pr |S3/92| #5 | bas | Se | 2s 
3 - fe) oO Pel ro A Ry 3 OHO +H on RS) 
Bod) " > ioe| ae] & | eee | ae | Se 
Sale| & i Si elk eee ee lee a Out iat In Oca 
mel ° s ba} iS +14 ROS) Be, 3° oe Oe 
| Drops 
per min. Lbs. | Lbs. Lbs. Lbs. Lbs. 
F Ei Poull 4 ) I56/155.0| 24,149.0| 1,549.5] 2,009.0] .086 
F t | Pull 4 I52/I51.5| 23,502. 5| 1,589.0] 2,126.0] .090 
F 2 | Pull 4 I158/154.0] 23,405.0| 1,510.5) 2,056.5] .087 
F 2 | Pull 4 I57|153.0] 23,037.0] 1,497.0/ 2,039.5] .088 
F 3 | Pull 4 I44/137.0) 19,513.0| 1,000.0] 1,575.5] .080 
F ge Pall 4 I154/150.0| 21,619.0| 1,562.5] 2,004.5] .002 
F 4 | Pull 4 146/140.0| 19,455.5] 1,234.0] 1,730.5] .088 
F 4 | Pall 4 158|150.0] 21,077.5] 1,392.0] 1,924.0] .ooL 
B t \) Pull 4 I158/155.5| 23,804.5| 1,497.0] 2,048.5] .085 
B t |. Pull 4 I149|/154.5) 23,029.0| 1,497.0] 2,045.0] .085 
B 2 | Pull 4 ‘s 152/150. 0| 21,024.0| 1,444.5] 1,976.5] .090 
B 2 | Pull 4 ‘g 155|147.5| 22,052.0| 1,313.0] 1,836.0] .083 
B Beh dene i! 4 : I50|145.5| 20,824.0| 1,300.0] 1,816.0] .087 
B 3 | Pull 4 a) 156|I51.5| 21,801.5| 1,300.0] 1,837.0] .084 
B 4 | Pull 4 @ 155|/152.0| 20,819. 5| 1,103.0] 1,642.0] .078 
B 4 | Pull 4 g I47|140.0] 19,248. 5] 1,129.0] 1,625.5] .084 
F rt | Push 3 & 160|157.5] 24,461.5] 3,326.0] 1,767.0] .072 
F t | Push 6 & 158/156.5| 24,291.5| 2,866.0] 2,311.0] .0905 
F 2 Push 6 q I59|150.0) 22,007.0] 1,709.0) 1,177.0] .O51 
F 3 | Push 5 3 160/136.0| 20,568.0| 2,347.5] 1,865.5] .090 
F 3 | Push 3 a 159|152.0| 23,032.5] 1,503.0] 964.0] .041 
F 4 | Push 3 160/148 .0| 20,941.5| 2,620.5] 2,005.5] .100 
F 4 | Push 3 161|148.5| 20,736.0] 2,532.0] 2,005.0] .096 
B rt | Push Z 160/147.0| 22,502.5| 2,073.5] 2,452.0] .108 
B I | Push 3 158|152.0| 23,732.0| 1,015.0] 1,376.0] .057 
B 2 | Push 3 158/142.0] 21,184.5] 2,826.5| 2,322.5] .109 
B 2 | Push EY 164/160.0| 23,605.5]| 3,326.0] 2,758.5] .112 
B 3 | Push 3 I58/147.0| 21,292.5| 2,914.5] 2,393.0] .112 
B 3 | Push & 160|150.0! 21,677.0} 2,044.0] 2,412.0] .III 
B 4 | Push 3 158/140.0| 19,095.0} 2,468.5] 1,972.0] .008 
B 4 | Push 3 160|145.0| 21,165.5/ 2,503.0/ 1,988.5] .003 
B Taped 4 I44|140.0] 9,467.0] 420.0] 916.5] .097 
B I | Pull 4 "Sg I42/140.5| 9,514.5] 393.5] 892.0] .004 
B 2 | Pull 4 | I40/133.0| 8,633.0] 288.5] 760.5] .088 
B [2 | Pull 4 ‘S| | 158]154.5] 9,076.0] 393.5] 941.5] .094 
B ey || eke 4 A I143/140.0) 8,704.0} 354.0] 850.5] .007 
B 3.) Pall 4 I52!149.0! 9,238.0! 236.0! 765.0! .082 


NotEe.—The throttle valve was full open in all the experiments. 
Poppet Valves 


Double beat poppet valves as usually made are, as is well known, 
difficult to keep tight. Slight differences in the coefficient of expan- 
sion of the metals composing the valve and its case, or slight differ- 
ences of temperature due to the accumulation of water will cause one 
or other seat to lift slightly and thus leak. 

Fig. 29 is a sketch showing the usual construction, from which it 
will be apparent that any difference of expansion between valve and 
case will open one or other seat. Should the valve expand the more, 
the seat a will open; while should the case expand the more, seat b 
will open. Fig. 30 shows the construction used by the Nordberg 
Mfg. Co. (Amer. Mach., Aug. 14, 1902) whereby this difficulty is 
overcome. Its essential feature is that the cone surfaces of the two 
seats have a common apex at a. Should the valve expand the 
more, its vertical expansion will tend to open the seat 0; but its 
horizontal expansion, having the same increment of excess, will tend 
to close the seat, and the two actions will offset one another. The 
reverse action will take place should the case expand the more. 
Looked at in another way, the expansion of both valve and case is 
from the common center a and any difference of expansion is accom- 
panied by a slight sliding of valve and seat upon one another on the 
line of the joints between them, but without any tendency to open 
either joint. This action will take place wherever the common apex 
a may be and regardless of the angle of the two seats. An actual 
valve by the Nordberg Mfg. Co. (a ro-in. regulating valve) is shown 
in Fig. 31. The lower seat is here flat but the two seats intersect 
at 6 and the action described in connection with Fig. 30 still holds. 
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DIMENSIONS AND Lirt oF PoppET VALVES FOR A GIVEN SIZE OF 
OPENING 
D=Smaller diameter of valve seat. 
d = diameter of piping to which valve opening must correspond. 
PD 
aig 


Flat-seated Valves 


For r=1 Lift=dX .250=DX.250 
Forr=1.25 Lift=dxX.200=DX.160 
Forr=1.5 Lift=dx.166=DX.111 
For r=2 Lift=dX .125=DX.162 
Forr=2.5 Lift=dX.100=DX.o40 


Fic. 29.—Incorrect construction of double beat poppet valves. 
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It will be noted that cone-seated valves require a lift from one-fifth 
to one-quarter greater than the corresponding flat-seated valves. 

The proportions of lift given in connection with flat-seated valves 
are geometrically correct. It should, however, be borne in mind 
that flat-seated valves generally introduce a certain amount of wire 
drawing of the incoming charge. A slight increase over the theoreti- 
cally correct lifts should consequently be provided. A definite 
coefficient cannot be given, as this will depend considerably upon the 
valve seat and valve chest design, as well as upon the proportions of 
the fillet between valve stem and valve head. The matter is one of 
personal intuition by the designer; in the best French designs the 
extra allowance seldom exceeds 25 per cent. of the theoretical lift. 
It is well to so arrange the contour of the valve and valve chamber 


Fic. 30.—Correct construction of double beat poppet valves. 
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Fic. 31.—Nordberg Mfg. Co’s double beat poppet valve. 


Cone-seated- Valves; 45 Deg. Angle of Cone 


For r=1 Lift=dX .307=DX .307 
For r=1.25 Lift=dX.256=DX.205 
Forr=1.5 lLift=dX.219=DX.146 
For r=2 Lift=dX .170o=DX .084 


Forr=2.5 Lift=d.138=DX.055 


profiles that a minimum of lift be required, as this is favorable to 
silence in running and to flexibility. 


Condensing Water 


The ap proximate quantity of water required to condense x Ib. of 
steam with a jet condenser may be obtained from the formula: 
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Ge ge densers In the ordinary surface condenser of the single- or double- 
(T—1) flow type, Ts may be taken from to to 20 deg. lower than the 
in which Q=lbs. of water required to condense 1 lb. of steam, temperature due to the vacuum. 
T =temperature of discharge water, Fahr., 
/=temperature of injection water, Fahr., TABLE 21.—CONDENSING WATER PER POUND OF STEAM 
H=total heat above 32 deg. Fahr. in x Ib. of steam to be 2 Tempera- 
condensed. : ; fees a Absolute ture of Be taveaa Volume Lbs. 
. ins. of mercur UU. * 

Table 21 by W. F. Fiscuer (Power, Sept. 26, torr) is based on the Pees ea re pressure |steamand| 13," o¢ | incu. ft. | of steam 
steam tables of Marks & Davis and is given as a guide in figuring the 3o-in. ae te Aste steam+32 ee pe eae 
condensing water required per lb. of steam in condenser installations. barometer rir iecsure 

Example: With a vacuum of 28 ins. of mercury referred to a 30-in. are ae ae Se ene y) rpees 
barometer (H+ 32), is found from Table 2 to be 1137 B.t.u.. Sub- 29.50 .25 59 III7 1240 .0008 
stituting in the formula, 20.00 .50 80 1127 636.8 0016 

28.50 74 02 I132 442.2 .0023 
aul: T 28.00 1.00 102 1137 331-5 +0030 
T-t 
for a 28-in, vaccuum. In column 5 the volume in cu. ft. per lb. of 2730 ee ay ae ae pees 
: : . ; 27.00 bees ye f Lia aye . 
steam is given, and in column 6 the weight of 1 cu. ft. of steam at the ne fea ee ae Tie rare ao 
given pressure and temperature corresponding to the given vacuum. 26.00 1.99 126 II47 173-9 .0057 

In determining the proper value to substitute for T, care should 25.50 2.22 130 1149 157.1 0064 

be taken to allow a suitable drop between the steam in the condenser 

= # 5 25.00 2.47 134 II50 142.2 .0070 
and the temperature of the discharge water. In practice the tem- ae es 738 ross we hoods 
perature of the discharge water is assumed to be 15 deg. lower 24.00 2.06 I4I 1153 119.9 0083 
than the steam temperature and it is customary to allow for ro per 23.50 3-19 Wee oe TII.6 ae 

. . . : 04.0 -0O0 
cent. more water than the estimated quantity where actual condi- eo ee ea pe a ae > 
tions are unknown. Pear ys 370 i50 IIs? 6 0103 

When estimating the quantity of water required per lb. of steam 22.00 3.06 152 1158 93.0 0108 
in surface condensers it is customary to take into account the tem- 21.50 4.18 155 oy ina - 0116 

Me 2: . . 21.00 4.40 157 I160 2. .O121 
perature of the condensed steam; that is, the hotwell temperature. Bake eas ae et bie en saree 

Hence for surface condensers 

(H+32)—T- 20.00 4.90 162 1162 73.8 0135 

Q= a a 18.00 5.80 169 I165 63.3 “0458 

16.00 6.85 176 1168 54-5 0183 

in which Tc equals the temperature of the condensed steam and Q,H, T 14.00 7.85 182 II7I 48.12 0207 
and ¢ repesent the same quantities as in the formula for jet con- -00 EA IO epithe INS ook ato 299 -0373 
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Current practice in the dimensions of gas-engine parts formed the 
subject of an investigation by the Department of Machine Design of 
Cornell University, the results being reported by Sanrorp A. Moss 
(Amer. Mach., Apr. 14, 1904) and given below. The investigation 
included an analysis of the dimensions of engines of 76 different sizes 
by 20 builders. 

The computed stresses are perhaps open to criticism, since the 
formulas may not take everything exactly into account. The 
numerical coefficients given are absolute, however, being taken from 
the actual data, and may safely be used, even though the exact 
stresses, bearing pressures, etc., to which they correspond may not be 
known. 

There are also given in the last column rough formulas for average 
cases. For instance, in the case of the cylinder wall, the rational 
average formula is £=.000204pD+4. This gives a thickness vary- 
ing with the maximum pressure p. In an average case p is 300, and 
if this value is substituted for p we have t=(.000204 X 300) pD +H, 


D 
or very nearly t= mikes This formula, of course, should not be used 


where the pressure is much different from 300. Formulas like those 
in the last column are given in works on gas-engine design, without 
qualification, which is not correct, as these formulas have a limited 
range. The rational formulas given, with the mean values of the 
numerical coeflicients substituted, are the proper formulas for general 
use. 

The maximum explosion pressure in the engines examined varied 
from about 250 to 350 lbs. per sq. in., the average being 300 lbs. per 
sq. in. The compression pressure varied from about 50 to roo, the 
average being 70 lbs. per sq. in. The lower values of compression 
pressure and maximum pressure are for engines using gasoline, and 
the higher values for natural gas. This is, of course, due to the fact 
that pre-ignition must be avoided. 

The maximum horse-power which an engine can develop is found 
to average very closely 1§ times the rated horse-power for which the 
engine is sold. 

The mechanical efficiency averages about 80 percent. The engines 
examined were single-cylinder horizontal or single or multicylinder 
vertical engines, all single acting, varying from 5 to 100 h.p., and the 
formulas given apply only to such engines. 

The maximum probable brake horse-power of gas engines may be 
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Fics. 1 to 5.—Types of gas engines in relation to weight of fly-wheels. 


TABLE 2.—HORSE-POWER CONSTANTS FOR GAS ENGINES 


Single-acting engines Double-acting engines 


Cylin. | Natural |Producer| Illum’g || Cylin. | Natural |Producer| Illum’g 
diam. gas gas gas diam. gas gas gas 
5 .00162 | .00140 | .00175 Io 20122 -OI05 -O132 
54 .00179 | .00154 | .00193 || 10} -0135 O16 -OI45 
54 .OOI97 .00169 | .002T2 || II .0148 0128 - 0159 
52 .002T5 -OO185 00232 | 114 -OIOI -0139 0173 
6 . 00234 00202 .00252 5202 -OI175 -OI51 -o189 
64 .00254 | .00219 | .00274 12} -OIQI 0164 .0206 
64 00275 . 00237 . 002096 13 .0207 0178 0222 
62 . 00207 .00255 00319 13} -0222 -OIOL . 0239 
7 00319 | .00274 | .00343 14 . 0239 .0206 .0257 
74 00342 | .00294 | .00368 144 .0257 .0222 0277 
74 00366 | .00315 . 00394 15 0274 . 0236 0205 
72 .00390 | .00336 00421 16 - 0313 -0270 20337) 
8 .00416 | .00358 | .00448 17 +0354 .0305 .0381 
8i - 00443 -00381 .00476 18 +0395 -0340 0425 
8} .00470 | .00405 -00506 19 - 0441 - 0380 -0474 
82 .00498 .00429 - 00536 20 .0489 -0421 -0526 
9 .00526 | .00454 | .00567 21 0538 +0464 0579 
oF .00587 | .00505 | .00632 22 -0507 . 0510 .0637 
10 .00650 .00560 .00700 23 0646 -0557 . 0606 
10} .00717 . 00617 . 00772 24 .0703 . 0606 -0759 
II .00786 | .00678 | .00847 25 .0763 .0657 . 0827 
11} .00860 | .00741 | .00926 26 -0825 20775 - 0889 
12 . 00936 -00806 .OIOL 27 .0890 0767 .09059 
12} .OIOL -00875 0109 28 .0958 0825 . 103 
13 -OIIO - 009046 O18 29 .103 .0885 SET 
134 -O118 -O102 .O127 30 .I1IO 0947 118 
I4 .O127 .OIIO JOLB7, 31 ok Ley) . IOI -126 
14} 0137 O18 .OI47 32 Gils - 108 ass 
Is . 0146 . 0126 .O157 33 133 ~E5 -143 
16 - 0166 - 0143 . 0179 34 -142 - 122 Lee 
17 0188 .0162 .0202 35 -149 .129 -I61 
18 0210 -O181 .0227 36 fetishes AS / peep 
19 0234 -0202 .0252 37 -168 -144 -180 
20 .0260 0224 .0280 38 5355/7) BE 52 .190 
21 .0287 . 0247 -0300 || 39 . 186 .160 .200 
22 .0315 0271 - 0339 40 -195 - 168 “.210 
23 -0344 -0296 OSTO i) GAE -205 077 - 225 
24 .0374 +0323 +0403 42 .216 . 186 .232 
25 . 0406 -0350 - 0437 43 .226 .195 +243 
26 - 0439 -0379 - 0473 44 . 236 - 204 255 
2, 0474 -0408 -O510 45 -247 Ava: . 266 
28 -O510 -0439 -0549 46 -258 228 .278 
29 +0547 0471 05890 47 270 - 233 - 2901 
30 0585 0504 - 0630 48 -282 243 -304 


obtained from Table 2 by Crcrt P. Pootr (Power, Mch. 23, 1909) in 
connection with the formula: 
Probable brake h.p.=constant from table X stroke, ins. X r.p.m. 
The constants for double-acting engines include an allowance of 6 
per cent. for the effect of the piston rod. 
The weight of flywheels for gas engines may be determined from the 
formula, by R. E, Maruor, (Engineering Magazine, June, 1907), 


in which P=the weight of the rim (without arms or hub), tons, 
D=diameter of the center of gravity of the rim, ft.,_ 
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TABLE 1.—CURRENT PRACTICE IN THE DIMENSIONS oF GAS ENGINES 


Engine dimension and 
name of design con- 


Notation: All dimensions in ins., 


Rational formula 
for engine dimen- 


Maximum, 
mean and min- 


Corresponding 
numerical values 


Assumptions made in 
deducing formula for 
average cases from 
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Reduced for- 


eee all pressures and stresses in lbs. per iee 
stant upon which it Repeat sion in terms of the | imum values of | of coefficient of |rational formula; mean mils ere: 
depends design constant | design constant formula value of design con- 
1 stant always used 
Thickness of cyl. wall.... t= thickness of cyl. walls. | t= (= )eD+4 S= I p=300 t= De 
Stress in cyl. wall....... S=stress in cyl. walis. 2S 1,625 25 1c 
p=max. pressure. 2,450 .000308 
D=dia. of cylinder. 3,750 .000204 
: = . 000133 
Thickness of jacket walls) T=thickness of jacket wall. T=ct c= T= .6t 
t=thickness of cyl. wall. 86 
.60 
+43 
Thickness of water jacket] j=thickness of jacket space. j=ect c= j=1tl 
space, » t= thickness of cyl. wall. 1.85 
1.25 
1.00 
Numberof cyl.head studs}; g=number of cyl. head studs. q=cD+2 c= =3D+2 
- D=diameter of cyl. 1.34 
.67 
-40 
oe ap > I D 
Outside dia. of cyl. head} o=outside diameter of cyl. head o=——A]/2D $= = PD = 300 Cas 
d 7s Vg V.75 
studs. studs. 8. Thisi t 
Stress in cyl. head studs.| g=number of cyl. head studs. ee ores ee gs nae 
. 7,800 . 0135 for g-in. cylinders 
Rae te Aer and nearly correct 
D=diameter of cyl. 41508 ADEE) Fete eet ee a 
s=stress at root of thread. eee ado : 
Length of stroke in terms), L=length of stroke. 
of cyl. diam. D=cyl. diameter. L=cD ce pay 
TS 
1.0 
Length of con. rod......| C=distance from center to center L G= 
. : C=u— “= i} 
Ratio of con. rod to crank of connecting rod. 2 
2 : 4.10 
u=ratio of con. rod to crank. : 
L=length of stroke. i a 
Weight of piston....... W = weight of piston. 
m W=1.3H 
H =area of cyl. = eae 
Weight of con. rod...... V =weight of con. rod. V=.8H 
H =area of cyl.= ree 
Total weight of recipro- | W=total wt. of piston. ae 
= = yi 
cating parts. V =total wt. of con. rod. Moa HB = Wa ere 
Wt. of recip. parts persq., H=area of cylinder. 1.02 
in. of cyl. w=weight of truly reciprocating r.70 
parts per sq. in. of cyl. rs a 
: . nm .22\pD (Oe 
Length of piston........ {Be length trunk piston. B= 6 ae hay b= G 4 = p=300 B=14D 
Bearing pressure on pis-- b=bearing pressure on projected Ob O18 u=s 
ton due to con. rod) area of piston (mean value dur- Figs 025 
thrust. ing working stroke. 4:3 036 
u=ratio of con. rad to crank. : 
p=maximum pressure 
D=cyl. diameter. 
Bearng pressure on pis-| b’=bearing press. on proj. area of £ ete We hs 
ton due to weight. piston due to wt. of itself and qeP B=1}D 
portion of con. rod supported} 0’=~B 
by it. 
w=wt. of recip. parts per sq. in. of 
cyl. 
D=diameter of cyl. 
B=length of piston. ( fii ) yy ( AI ) D 
: SNe iN DD) s= =} p= 300 BG 
Thickness of rear wall of | z=thickness of rear wall of piston Vs Vs 10 
piston. s=stress in rear wall of piston 2.860 00766 
Stress in rear wall of pis- p=makx. pressure. 5,320 00562 
ton. D=cyl. diameter. 10,200 00405 | 
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TABLE 1.—CURRENT PRACTICE IN THE DimeNsIonS oF GAS ENGINES—(Continued) 


Engine dimension and 
name of design con- 
stant upon which it 


eat 


Notation: All dimensions in ins., 
all pressures and stresses in lbs. 


Rational formula 
for engine dimen- 
sion in terms of the 


Maximum, 
mean and min- 
imum values of 


Corresponding 
numerical values 
cf coefficient of 


deducing formula for 
average cases from 


Assumptions made in 


rational formula; mean 


Reduced for- 
mula for aver- 


depends ee design constant design constant formula value of design con- ee, 
stant always used 
Length and diam. of wrist) d”=diam of wrist pin. Ye Gen Se p= 300 HO 5 098)D) 
pin or piston pin. 1” =length of wrist pin. d”=~|/—~/pD 13,300 
Stress and bearing pres- | p—=max. pressure’ 4sb 10,500 
sure on wrist pin. D=diameter of cyl. 10,000 
s=stress in wrist pin. = * . 
b=bearing pressure on projected | ]//= af a!’ b= Tene 
area of wrist pin due to maxi: 4b 3,900 
mum load. 2,800 
is 2,200 k 
Area of mid-section of | a=area of mid-section of con. rod.| @ = iA, 560 pD = TaeeGoee p=300 i= m23D) 
con. rod. k=factor of safety of rod or ratio 5-44 : Round rod assumed. 
Factor of safety in con. of breaking load by Ritter’s x (1400025) 3 90 0001220 ae Abe ee 
rod considered as a long formula to actual load. Ye 2 23 0000857 i ip. 
column. C =distance, center to center of rod} ,0000500 is given the average 
R=diam. of mid-secton if round. value 1.6 
Q=height of mid-secton if rec- 
tangular. 
v=radius of gyration of mid-sec- 
tion. 
7r2= R2/16 or Q2/12 
D=diameter of cyl. 
Length of arm of bending =length of crank-pin journal. M=cD c= WE Soya) 
moment oncrank pinin| 1’=length of main bearing journal. -450 
terms of cyl. diam. 2m= distance from center to center 609 
of main bearings. -850 
M=m-— (3l+ 11) =arm of effective 
bending moment on crank pin, 
for reaction on main bearing due 
to explosion. 
3| 4 4 
Diameter of crank pin...| J=length of crank-pin journal. d= (=) MpD2 s= ( z) ie M=.6D as found d=.41D 
Stress in crank pin...... l’=length of main bearing journal. 18,800 .000213 above 
2m= distance from center to center 10,600 . 000379 p=300 
of main bearings. 7,500 . 000533 
M=m— (3l--20). 
d=diam. of crank pin. 
s=stress in crank pin. 
D=diameter of cyl. 
p=max. pressure. 
Length of crank pin..... 1=length of crank pin journal. l= (== EDs as SZ l= .95d 
Bearing pressureoncrank| d=diam of crank pin. 4b d oa 4b d= 41D 
pin. b=bearing pressure on projected ie Coe ae STEIN 
area of crank, due to the aver- oe SOULE Qe 
age value of load for a complete 348 ooo ad 
cycle. 
Thickness of crank x=thickness of crank throws (in x=cd C= x= 8d 
throws. direction of shaft axis). .46 
d=diam. of crank pin. 63 
.80 
Breadth of crank throws.| y»y=breadth of crank throws (per- y= Cx = y= 24x 
pendicular to shaft axis). I.50 
x=thickness of crank throws (in 2.12 
direction of shaft axis). 3.00 
Length of arm of equiva- lV’ =length of main bearing journal.| M’=cD C= M’=.4D 
lent bending moment | L=length of stroke. 324 
on crank shaft, interms | D=diameter of cyl. 400 
of cyl. diam. M’ =(.3251/+.090L) =arm of equiv- -468 
alent bending moment on 
crank shaft (at inner edge of 
main bearing) for reaction on 
main bearing due to explosion. 
: : , 3 | 4 4 
Diameter of crank shaft. |, s =stress in crank shaft at inner | d’= (2) pD?2M’ s= @) = M’=.4D d=iD 
Stress in crank shaft.... ‘ edge of main bearing journal. 14,400 .000278 from above. 
d = diam. of crank shaft at main 9,500 . 000422 p=300 
bearing. 6,200 000644 


lV’ =length of main bearing journal. 
M’ =(.325l/+.090L). 
D=diameter of cyl. 


p=max. pressure, 


THE GAS ENGINE 


TABLE 1.—CURRENT PRACTICE IN THE DimeENsIoNS or GAS Encines—(Continued) 


Engine dimension and 
name of design con- 
stant upon which 


Notation: All dimensions in ins., 
all pressures and stresses in 
lbs. per sq. in. 


Rational formula 
for engine dimen- 
sion in terms of the 


Maximum, 
mean and min- 
imum values of 


Corresponding 
numerical values 
of coefficient of 


Assumptions made in 
deducing formula for 
average cases from 
rational formula; mean 
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Reduced for- 
mula for average 


it depends design constant design constant formula value of design con- Se 
stant always used 
Length of main bearing | //=length of main bearing journal. ne (= PD? b= ( =) = d’=%D V =2td’ 
journal. d’=diam. of main bearing journal. 24b/ d’ 174 24b 
Bear’g pressure on main} 6=bearing pressure on projected 123 .000752 p=300 
bearings. area of main bearing, due to ay- 98 . 001068 
erage value of load for a com- . 001334 
plete cycle. 
Outside diameter of fly- | F=outside diam. of fly-wheel in ins. Fea (2%) 4 K= (#25) = Fa 12300 
wheel. n/n 4,490 ( m n 
Velocity of fly-wheelrim.}| K =velocity of fly-wheel rim in ft. 3,220 17,140 
per min. 2,290 12,300 
n=revolutions per min. 8,750 
Weight of fly-wheel..... U =total weight of all fly-wheelsin U= f= 272,300,000,000 | Above value of rim U= 
Speed fluctuation coeffi- lbs. 272,300,000,000 .034 eS velocity 33,000 H.P. 
cient. H.P.=rated horse-power. = te oa .054 = 12,300 — 
| F=outside diam. of fly-wheel in x HP .0OL 8,000,000,000,000 tere 
ins. F2n8 That is 5,000,000,000,000 
n=revolutions per min. 3.4% 3,000,000,000,000 
f=speed fluctuation coefficient, or Fon % 
ratio of total variationinr.p.m. 9.1% 
to the mean value. 
Rotation speed......... n =rotation speed, r.p.m. /70,3821 = V/ 70,3821 = wW=1.7 rae S08) 
Inertia force at end of | J=inertia force at end of stroke a RIE 8.14 757 as found above ; VL 
stroke, per sq. in. of pis- | per sq. in. of piston. I5.40 I,OAI This is equiva- 
ton. w = weight of truly recip. parts (pis- 30.80 L472 lent, to tak- 
ton+ 4 con. rod) per sq. in. ing the piston 
of piston. speed in ft, 
| L=length of stroke, ins. per nie 
133 
Exhaust pipe diameter. E=exhaust pipe diam. ee I DYES v= ( rt ) ej 800 E=,28D 
. F : , > = n —)= n= = 
Nominal speed of gases | v=nominal speed of gases thro (Za) 8,850 / 60 VL 
through exhaust pipe. exhaust pipe, ft. per min. 5,730 .00434 asfoundabove. Then 
Las Sec and ae 3,120 hai Bidepends on /L Ee 
=leng roke. i 
| D=diameter of cyl. hence varies little for 
different values of L. 
| L taken as 12. 
Exhaust valve diameter.. e=exhaust valve diam. = ( =) a Same as above. e=.3D 
Nom’l speed through ex-| v=nominal speed through ex- nee —_) DVIn 6,750 ~/ 60 
haust valve. haust valve. / 60 5,200 . 00407 
n, L and D as above. 3,630 .00566 
.00678 
Inlet valve diameter. ...|i=inler valve dia, when there is a JS ( ==) = Same as above t= .27D 
Nom'l speed through valve admitting whole charge. Fhe —_) Din 8,330 V/ 60 
inlet valve. v=nominal speed thro’ inlet valve. a/ 60 6,400 00447 
n, L and D as above. 4,680 00510 
.005908 
Gas pipe diameter...... | G=gas pipe diam., natural gas. v= ( ==) 3 Same as above G=,11D 
Nom'l speed through gas v=nominal speed thro’ gas pipe. G= ( “—) Dia 6,670 / 600 
pipe. n, L and D as above. / 6ov 3,700 .00158 
2,380 .00212 
00264 
Gas valve diameter..... g=gas valve dia., natural gas. — ( 1 =) ty Same as above (= hey) 
Nom’lspeed through gas; v= nominal speed thro’ gas valve. = —) Din 3,330 V/ 600 
valve. n, L and D as above. / 60 2,080 .00224 
I,I10 .00283 
00387 
Air pipe diameter. ..... A=air pipe diameter, natural gas. |A = v= (= = ) Same as above A=.25D 
Nom’ speedt hrough air v = nominal speed through air pipe. ( I )DVin 10,700 V 6.670 
pipe. n, L and D as above. / 6.670 6,900 pecns 
4,500 . 004! 
90577 ; 
Maximum brake H.P. M.P.=maximum brake H.P. MP _—D?*LnP = Vga a 
; 1,008,500 50 ; 
Nominal mean effective | p’=mean effect. press. from area of|(for four stroke cycle 70 
indicator card. engine.) 85 


pressure. 


h=mechanical efficiency, or ratio 
of brake to indicated power. 

P=hp’/=nom’l M.E.P. 

D=cylinder diameter. 

L=length of stroke. 

n=revolutions per minute. 
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a=the amount of allowable variation, K =21,000 for two cylinders, single-acting. (Fig. 4.) 

n=the revolutions per minute, K=v7000 for four twin opposite cylinders, or for two tandem 

N =the brake horse-power, cylinders, double-acting. (Fig. 5.) 

K =coeflicient varying with the type of engine, The factor a, the allowable amount of variation in a single revolu- 

The coefficient K, is determined as follows: tion of the fly-wheel is as follows: 

K=44,000 for Otto-cycle engines, single-cylinder, single- For ordinary industrial purposes..................---. Ps to xo 
acting. (Fig. 1.) For electric lighting by continuous current............. vo to eo 

K=28,000 for Otto-cycle engines, two opposite cylinders, For spinning mills and similar machinery.............. 40 to r$0 
single-acting, or one cylinder double-acting. (Fig. 2.) For alternating-current generators in Parallel. so osod TEA 

K=25,000 for two cylinders single-acting, with cranks set The total weight of the fly-wheel may be concidered as equal to 


at 90 deg. (Fig. 3.) PX1.4. 


COMPRESSED AIR 


TABLE 1.—PNEUMATIC CONSTANTS 
Weight and Volume of Air 


I cu. ft.=.076097 Ib. =1.217 oz. 
Db. Tawar Cus tts 


Value of one Atmosphere of Pressure 


Lbs. per Column of Column of 
sq. in. water, ft. mercury, ins. 
14.7 33-947 30 
Pressure Equivalents 
1 lb. per sq. in. =2.04 ins. of mercury = 2.309 ft. of water. 


t in. of mercury =.49 lb. per sq. in. 


1 ft of water =.433 lb. per sq. in. =.883 in. of mercury. 


=1.132 ft. of water. 


Temperature 62 deg. Fahr.; pressure 14.7 lbs. per sq. in. 


TABLE 2.—BAROMETRIC PRESSURE AT VARIOUS ALTITUDES 


Altitude, ft. MSnry Lbs. per sq. in. ees 
column, ins. column, ft. 
oO 30 14.7 | 33.95 
1,000 28.88 TALS 32.68 
2,000 | 27.80 13.62 31.46 
3,000 26.76 Pour 30.28 
4,000 25).70 12.62 29.15 
5,000 24.79 Pars 28.05 
6,000 23.86 Ir.60 27.00 
7,000 22.907 II.26 25.99 
8,000 220TE 10.83 25.02 
9,000 | 21.28 10.43 24.08 
10,000 | 20.48 10.04 2318 
IT,000 19.72 9.66 22-32 
12,000 18.98 9.30 21.48 
13,000 18.27 8.905 20.67 
14,000 £7.59 8.62 I9.90 
| 
15,000 16.93 | 8.30 19.16 


TABLE 3.—EQUIVALENTS OF OUNCES PER SQ. IN., In Ins. oF HEIGHT 


oF COLUMNS OF WATER AND MERCURY 


Ozs. per sq. in. | Ins. of water Ins. of mercury 
.146 25 .o18 
. 292 Sai .037 
438 76 055 
. 584 I.o1 .O74 
I T73 sey) 
<2 3.46 .255 
3 5.20 AER: 
4 6.93 .510 
5 8.66 .637 
6 10.39 . 705 
7 GG, .892 
8 13.85 1.019 
9 15.59 1.148 
Io Wess 275 
II 19.05 I.402 
12 20.78 1.520 
13 ASI: 1.658 
14 DI DAG. Ee iOs 
I5 25.098 1.913 
16 Defeat 2.036 


The word efficiency has two special meanings as applied to air com- 
pression, these being called volumetric and compression efficiency. 
The former refers to the volume of air taken in compared with the 
piston displacement. Loss of volumetric efficiency is chiefly due to 
re-expansion of air from the clearance spaces as the suction stroke 
begins. It, hence, increases with the volume of the clearance spaces 
and with the receiver pressure. The clearance spaces being the same, 
the loss is less with compound than with simple compressors because 
of the reduced pressure produced by the first cylinder. It is com- 
monly measured by dividing the actual length of the suction line of 
the indicator card by the total length of the card, although this 
ignores a known but unmeasured source of loss due to the warming 
of the air as it enters the hot cylinder. 

The compression efficiency compares the developed with the theoret- 
ical air horse-power, in which comparison two practices prevail. 
The first compares the actual power with that due to isothermal 
compression, while the second compares it with single-stage adiabatic 
compression. Isothermal compression being an impossible condition, 
the first practice has little real significance, while, adiabatic compres- 
sion being the normal condition, the second practice furnishes a 
ready means of expressing the actual gain (often actual loss) of com- 
pound over simple compression. 

Air compressors should not draw air from warm engine rooms. A 
suction flue connecting with the cooler out-door air gives rise to con- 
tinuous economy. The gain is approximately 1 per cent. for each 
5 deg. Fahr. difference of temperature, the gain appearing in increased 
delivery of air which costs nothing. 


Compressed-air Power Calculations 


The fundamental formulas for the adiabatic compression of gases are: 


General For air For natural gas 


pr (2) n p2_ (*) 141 po (2) 1-266 
Pi TD) pi \v pri \v 
to (“) n-1 by (“) “41 to (") +266 
a V2 tan v2 hy v2 

in which f:= initial pressure, abs., 


p2=final pressure, abs., 
71 =initial volume, 


(a) 
(0) 


v2 = final volume, 
t; =initial temperature, abs., 
t,=final temperature, abs. 

specific heat at constant pressure 
N= 

specific heat at constant volume 


=1.408 or, for practical purposes, 1.41 in the case of air 


The work of air compression, including that due to explusion of the 
air from the cylinder, adiabatic compression being assumed, may be 
most conveniently expressed by the formula: 


m.e.p.=3.45pi(r —T) (a) 


; : 1D 
in which [=F 


Calculations of the mean effective pressure may, in most cases, be 
abbreviated by the use of Table 4, of which the constants of the 
third column multiplied by the initial pressure, lbs. per sq. in. abs., 
give directly the m.e.p., lbs. per sq. in. For compression at sea level 
the multiplication has been carried out to give both the m.e.p. and 
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the air h.p. per too cu. ft. free air compressed per min. It should, 
however, be noted that most compressors do not realize full 
atmospheric pressure in the cylinder and, in such cases, the actual 
pressure at the beginning of compression should be used when cal- 
culating the theoretical m.e.p. The assumption of too high an 
initial pressure results in a credit for cooling to which the compressor 
is not entitled. 

Affecting the actual m.e.p. may be mentioned such cooling as there 
may be from the cylinder jacket, the re-expansion of the air in the 
clearance spaces, and the effect of the clearance spaces in reducing 
the actual compression ratio of volumes from the apparent ratio, all 
of which tend to reduce the mean pressure, while the “‘camel backs” 
due to the opening of the discharge valves tend to increase it. 

The effect of jacket cooling is always small and the actual m.e.p. 
should not differ much from that given by formula (d). 


TABLE 4.—CONSTANTS FOR SINGLE-STAGE COMPRESSION 


sl an Compression from 14.7 lbs., initial 

a\|a a| 

Sits a |.2 

Oly as i 

ae fle. 1 

Ble B/S & 

n|OwH n| 3°. 

23 il $13 * S 

ale H/o Il v4 Gage H.p. per 100 
a Ole + M.e.p., : 

ee B/S a pressure, lbs cu. ft. free air 

21.8 as) Ibs. ‘ per min. 

O|P o/|HL 

IRE a Bes 

o| a o|S 

64 | Al a 

Ss 

Ta25 1.067 237 Bay. 3.4 1.48 
Te aw4f 431 7 6.3 2.76 
1.75 1.176 607 ie) 8.9 3.890 
2 S22e 766 yeied The3 4.91 
2.25 1.265 914 18.4 I3.4 5.86 
2 I.304 I.049 22.0 15.4 6.73 
2.75 1.341 1.176 25.7 T7e3 7.54 
3 er 75 1.204 20.4 I9.0 8.30 
3.25 1.408 1.408 Breen 20.7 9.03 
a5 1.438 LoS ie 36.7 PAD 9.69 
ser 1.467 1.611 40.4 23.07 10.33 
4. 1.495 1.708 44.1 25h 10.96 
4.25 eh 2 keel LierZ OFF 47.8 26.4 LE.53 
Aves I.547 | 1.887 BES: Pgh af F204 
ae7s Le Malet O70 55nr 29.0 12.64 

| 

5. 1.595 2.053 58.8 30.2 I3.17 
5.25 E677 2.120 62.5 31-38 13.66 
tgeact 1.640 2.208 66.2 32s I4.16 
5.75 1.661 2.280 | 69.8 Book 14.63 
6. 1.681 2.3490 | Qe 34.5 TSO 

| 

6.25 I.701 2.418 ORD Bisices iesidsyit 
6.5 I-72I | 2.487 80.9 36.5 15.95 
6.75 1.740 | 2.553 84.6 Syfoks 16.38 
7h £-758 | 2.615 88.3 38.4 TOL 77, 
7.25 1.776 2.077 91.9 BOS 17.17 
eS een 7.04 mleoe ea 95.6 40.3 17-57 
ETS 1.811 2.798 99.3 Ateet 17.95 
8 1.828 | 2.857 103.0 42.0 18.33 


Compound or stage compression is resorted to in order to save power 
and to reduce the final temperature and thereby lessen the danger of 
explosion of decomposed oil in the air receiver and pipes. Such 
explosions—whatever their explanation—have happened too many 
times to permit the danger to be ignored. In high-pressure work 
compounding becomes a mechanical necessity. 

For the most economical results in compound (two stage) compression 
the work should be equally divided between the cylinders, and that 
is accomplished by making the number of compressions in each 
cylinder equal the square root of the total number of compressions— 


the number of compressions being understood as the higher divided 
by the lower pressure, abs. 
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The work of compound compression, including that due to expulsion 
of the air from the cylinders may be most conveniently expressed by 
the formula: . 

m.e.p.=6.9opi(r.14°—1) (e) 
in which f; =initial pressure, lbs. per sq. in., abs. 
final pressure, abs. _ 
~ initial pressure, abs. 

This equation gives the m.e.p. reduced to the low-pressure cylinder, 
under the assumption that the cylinders are proportioned as called 
for above, that the intercooler reduces the temperature of the air to 
that at which compression began and than the valves and passages 
offer no resistance to the flow of air. 

As with the formula for simple compression, calculations of the 
mean effective pressure may, in most cases, be abbreviated by the 
use of Table 5 of which again the constants of the third column 


TABLE 5.—CONSTANTS FOR Two-STAGE COMPRESSION 


a\d pe Compression from 14.7 lbs. initial 
a | ae 
-|o “ala fe 
Oly -| 0 | 
Blen | eles = Paper 
2 $ ae R M.e.p.,-Ibs. H.p. per el 
«| a ee ll Sy Gage reduced saving by 
Oo) Bla ron roo cu. ft. 
=| (= 2 pressure, to low ; compound- 
eis =e Ne) free air z 
Ele Cae! Ibs. pressure : ing, per 
roa faa & a Fests per min. t 
rea fa piston cent. 
” 
5 1.263 ines a 58.8 20.7 Ir.64 Ir.6 
4 1.280 I.932 66.2 28.4 I2.39 iD) 
6 TaZow 2.049 We Ome Tig ysi/ 12.8 
6.5 IERIE 2.153 80.9 She 13.81 13.4 
q 1.326 2.249 88.3 Bgeur 14.43 I4.0 
ows HEB) || Magee 95.6 34.4 15.00 14.6 
8 WAS 2.429 103.0 Baie Tas aastes E5e2 
8.5 1.364 2.512 THOT 36.9 16.22 \..hscee ae 
9 Ie S75) 2.587 Teo 38.0 LO259! |e neeaeeccewees 
9.5 1.386 2.063 125210) BON N67 Ao) SN (EEE AS ere cticaselt 
10 1.396 2132 122-3 40.2 17.52 
vse I.416 2.870 147.0 42.2 tS.497" |aleeneeee 
I2 1.434 2.995 161.7 44.0 10.20 la. cee ees 
13 I.450 3.105 1760.4 45.6 TOuQ2:” ‘hisses 
I4 1.466 Baas I9QI.1 47-3 20.602) hue cece 
I5 I.481 3-319 205.8 48.8 2ES20: Sit eee ee 


multiplied by the initial pressure, lbs. per sq. in., abs., give directly 
the m.e.p., Ibs. per sq.in., reduced to the low-pressure piston. For 
compression at sea level, the multiplication has been carried out to 
give both the m.e.p. and the air horse-power per too cu. ft. free air 
compressed per min., while the last column gives the theoretical sav- 
ing due to compounding under the assumptions of the last paragraph. 

The air horse-power for each 100 cu. ft. of free air compressed per 
min. for simple or compound conipression. 


= .436 Xme.p. (f) 

As applied to pressures in common use for industrial purposes— 
say 80 to t00 lbs. per sq. in.—the margin of saving by compounding 
which, as Table 5 will show, is not large, may be more than offset by 
defective design. 

This is shown in Fig. 1 from actual indicator cards. Because of 
deficiant capacity of the intercooler, the volume of air entering the 
high-pressure cylinder is not reduced to the isothermal line as it 
should be, while the overlapping of the high- and low-pressure cards 
due to inadequate valves more than offsets such gain as the inter- 
cooler of itself brings about, the final result being an actual loss of 
power due to compounding. That good results can be obtained by 
compounding, is shown in Fig. 2 (from a Nordberg compressor) in 
which the volume of air entering the high-pressure cylinder is carried 
back to the isothermal line, while the overlapping of the high- and 
low-pressure cards is almost negligible. If sufficiently cold water is 


COMPRESSED AIR 


available, there is no reason why an efficient intercooler should not 
reduce the temperature of the air below that at which compression 
began and thus carry the volume of air entering the high-pressure 
cylinder within the isothermal line. As a matter of fact, this has 
often been done. 


Air Compression at High Altitudes 


The effect of altitude on air compression is to decrease both the deliv- 
ery of air and the consumption of power but not in the same ratio, 
the net result being to increase the power consumed in producing a 
given volume of compressed air. 

The relation of the volume of air delivered by a given compressor at 
sea level and at an altitude, the gage pressure of delivery being the 
same and ignoring clearance losses, is given by the equation: 


P 
V2 Ces 
2 =o. (@) 
V1 1+— 

pe 


in which v;= volume of delivery at sea level measured at the delivery 
pressure and after the heat has dissipated, 
ve=volume of delivery at an altitude measured at the 
delivery pressure and after the heat has dissipated, 
pi=barometric pressure at sea level, 
f2= barometric pressure at an altitude, 
P=gage pressure. 
Table 6 has been calculated from this formula. The actual reduc- 
tion of delivery due to altitude is, however, greater than the table 
shows. The loss due to clearance in- 


creases with the ratio of compression and 
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TABLE 6.—RELATIVE Amounts OF AIR DELIVERED BY A GIVEN Com- 
PRESSOR AT VARIOUS ALTITUDES 


Relative output at gage pressures 
Altitude, ft. E sabe. 


70 lbs. | 100 lbs. 

° I.000 I.000 
1,000 .969 .968 
2,000 .938 936 
3,000 .908 .905 
4,000 . 880 .875 
5,000 .853 .846 
6,000 .826 . 818 
7,000 .798 .790 
8,000 sf? HOE: 
9,000 746 737 
10,000 .720 pe 
11,000 .607 . 688 
12,000 .675 665 
13,000 .654 .642 
14,000 .632 .620 
15,000 HOUT - 599 


To find the final temperature find the value of a on the scale at 
1 


the top, trace vertically to the line for the suitable initial tempera- 


Lbs, 


1005 Lbs. R.P.M. 60 100 
since, for a given gage pressure, this 8 Lbs. 100100, Lbs, 
é mba et) FP : 9H 1 Gage 80 80+ 90 
ratio increases with the altitude, the oy ae 
clearance losses increase likewise. The 80+ 40 80 
heat due to compression is also a func- “A a — 0 a 
. * . \ y i i 
tion of the ratio of compression and = ie ee aoe Graal 
: : . 6 
hence, for a given gage pressure, the °| = i i 
temperature of the compressed air in-  5- 0 a « 50 
creases with the altitude. For both |, 32x 48'L.P, Air Oylinder y pe 
: ". . : al 
reasons compounding is of increasing 
importance with increase of altitude. 307 | M.E.P. ae 
> fs 20-4 19.3 Lbs, 20 
Graphic Compressed-air Power 
Calculations 104 10 
The foregoing calculations may be ot | — 
: . : : . Crank End Fic, 1. Head End 
made graphically by the aid of Figs. 3 
and 4, by J. A. BROWN (Amer. Mach., R.P.M. 52 
June 12, 1913), Fig. 3 being for single ae 
: : F80 Lbs. 
and Fig. 4 for two-stage compression, Bae Lbs. 
the assumption in the latter being that E40 ie! 
: : : ¥ F20 90 
the intercooler reduces the air to its a 0 
19 x 42 H.P, Air Cylinder 80 


initial temperature. 

To use the chart, Fig. 3, for single- 
stage compression: Find the absolute 
final pressure on the scale at the left by 


29x 42'L.P. Airy Cylinder 


adding the barometric pressure for the 
required altitude, Table 2, to the gage 
pressure. Trace horizontally to the 
line for the altitude, vertically to the 


line marked (2 
pi 


9\ +29 
the right where read the value of (*:) Zo 


2\ +29 ; 
Subtract, mentally, 1 from the value of (2) find the resulting 


) ia and horizontally to 


value on the lower scale and from it trace vertically to the altitude 
line and then horizontally to the right where read the m.e.p. from 
the middle scale and the horse-power per too cu. ft. free air per min. 


Crank End 


Fic. 2. Head End 


Fics. 1 and 2.—Good and-poor compound air-compressor practice. 


ture and then horizontally to the scale at the center of the chart where 
road the final temperature, Fahr. absolute. 

Fig. 4 for two-stage compression is used in precisely the same 
way. 
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Fic. 3—Mean effective pressure, horse power and temperature of compressed air. Single stage compression. 


The Index of the Compression Curve 


To find the index of an actual compression curve corresponding to 
the theorectical value 1.41 in equation (a), measure the pressure and 
volume at two points on the indicatot? card, a8 widely separated as 
possible, for which any scale may be used, inches divided into tenths 
being most convenient. Call the lower pressure p; the corre- 
sponding volume 2, the higher pressure P2 and the corresponding 
volume 72. The index being unknown we have then to solve the 


equation: 


Let 


Po _ (2)? 
= (2 


pi 


giving R=rz 
That is, log R=log, rz 
or log R=x log r 


or 


__log R 


«log r 


(h) 


The solution of this equation will give the required index. The 
work may be abbreviated by the use of Table 7 as follows: ° Select 
such values of p2 and /; that the former shall be an exact multiple— 
2, 3, 4, 5, 6, 7 or 8 times the latter. 

Measure 2 and 2 to correspond with p2 and 9); divide 2; by v2 


ees v - 
and find the resulting ratio in the column of Es standing under the 
2 


v 
ratio for be selected. Opposite the ratio for will be found the 
2 


pi 


value of the index. 

The index of the compression curve may also be found graphically 
by the aid of Fig. 6, by J. A. Brown (Amer. Mach., June 28, 1900). 
Take for example the card shown in Fig. 5. From the card measure 
v and p at two points and by any scale—inches and tenths being 
Most convenient—one at the beginning of compression where p 
measures .44 in. and 7 6.1 ins. Take any other point, say p=rin., 
and v=3.12 ins. On the chart Fig. 6 mark the intersection of A4 
on the scale of pressures with 6.1 on the scale of volumes; mark the 
intersection of p=1 and v=3.12 in the same way. Using two 
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Fic. 4——Mean effective pressure, horse power and temperature of compressed air. 


triangles as a parallel ruler find the index diagonal to which a line 
through these points is most nearly parallel and read the figures 
for the approximate index—in this case 1.25. If through the inter- 
section of # and v at beginning of compression, diagonals parallel 
to the isothermal and adiabatic lines be drawn, intersections with 
these lines give corresponding values of v and p, and for every 
value of v, the three values of » corresponding to isothermal, adia- 
batic and the actual compression curve plotted on Fig. 5. 


The Friction of Compressed Air in Pipe 


The formula for the jriction of compressed air in pipe, taking into 
account the increase in volume and velocity that accompanies drop 
in pressure, was first established by PRoressor UNwIn (Transmis- 
sion of Power). Slightly transformed to make it read volume instead 
of weight it is as follows: 


V =3.04 (p1?— po”) 


Two stage compression. 


in which V=volume, cu. ft. free air per min. at sea level and 60 
deg. Fahr., 
d=diameter of pipe, ins., 
pi=initial pressure, lbs. per sq. in., abs. 
p2=terminal pressure, lbs. per sq. in., abs., 
f =coefficient of friction, 
l=length of pipe, ft. : 
The coefficient of friction is not constant but varies with the diam- 
eter of the pipe. According to Professor Unwin it is expressed 
by the equation: 


Pls 


tod 
in which d=diameter of pipe in ft. 

Problems involving the friction of compressed air in pipe may be 
solved by the use of Fig. 7 by Jas. A. Brown (Amer. Mach., July 10, 
1913) which incorporates both the above formulas. The use of the 
chart is explained belowit. It will be recognized that the method of 
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TABLE 7.—VALUES OF THE INDEX OF COMPRESSION CURVES 


~ Higher pressure Higher pressure Higher pressure Higher pressure Higher pressure Higher pressure Higher pressure 
“Lower pressure Lower pressure Lower pressure Lower pressure Lower pressure ees pressure pone pressure 
2 
eas Pas ip D2 R= ety Pi Re 6 eRe PA R= 
iar Tse Pi a Pr 5 pi Pi Pi 

; ©} 0 | ©) 0 ©} 0 a5 o)o zs ©) 0 ‘5 ©) 0 ao 

‘Ea (ed | f gE EE eee Leiner mii GG 

3\3 | =) Roa Ber sey See IH Ve | hex cohol 3 | ho} 
eet | 3: |eigt | fa [eee | Br ieee | ba | ee leer Oe ie eee 
i] | S ll 6s i] OR i teal 8 calle, 68 silica te ‘BR ilies ie rial 
s|B os! an B/B sis va) gisci¢ | wt | s8sis | yt | gi@eis] yu | gigsis | gn | gigsis | i 

eat | Piel e ala & Sic & Bld ll g aya ll fo ela ll 8 

Sig eee S\¢ e ae! a gg | ills a Pa ise| q ike g 

ae | A ANA HH AG i=) Ale HH n H n H n H 

| 
| 
7= 

1.95 I.04 2.95 I.02 3.90 I.02 4.90 I.02 5.80 I.02 6.80 I.02 7.80 I.OL 
1.90 1.08 2.90 I.03 3.80 I.04 4.80 1.03 5.60 I.04 6.60 I.03 7.60 1.03 
1.88 I.10 2.85 I.05 3.70 1.06 4.70 1.04 5.40 I.06 6.40 I.05 7.40 1.04 
1.86 T.i2 2.80 1.07 3.60 L.08 4.60 1.06 5.20 I.09 6.20 1.07 720 1.06 
1.84 I.14 ets I.09 3.50 Peete 4.50 1.07 5.00 Test, 6.00 I.09 7.00 TOs 
1.82 I.16 2.70 Tech 3.40 Beaks 4.40 I.09 4.90 Var 16) 5.80 ido a sie 6.80 I.09 
1.80 1.18 2.65 Fats 3-30 I.16 4.30 £. 10 4.80 i.14 5.60 bE 6.60), I.10 
1.78 EeZo 2.60 Tears 3220, I.19 4.20 Ta} 4.70 I.16 5.40 Tories 6.40 L.i2 
1.76 ie23 2.55 1.18 Balto P23 4.10 ere: 4.60 1.18 5.20 Ligases) 6.20 1.14 
I.74 125 2.50 I.20 3.00 ¥.26 4.00 I.16 4.50 I.19 5.00 Ee2t 6.00 I.16 
5 yg irs 1.28 2.45 Tes 2.05 2S) 3.90 1.18 4.40 Lear 4.90 5g 72 5.80 I.18 
I.70 Tesh 2.40 r.20 2.90 Tee SO: 3.80 Lo20 4.30 I.23 4.80 T.24 5.60 L222 
1.69 nese Do wrs I.29 2.85 hese 3270 2G 4.20 TS 4.70 T2260 5.40 1 PS} 
1.68 ipeey 2.30 Te32 2.80 N35 3.60 1.26 4.10 T27, “4.60 1.28 5.20 1.26 
1.07 I.36 2.28 1.34 QS r.36 3.50 ne20) 4.00 I.20 4.50 I.30 5.00 I.29 
1.66 P37, 2.26 Tees PGi) eo 3-45 I.30 3.90 15, G) 4.40 Baez 4.90 E sZt 
1.65 I.39 PRIOTN 1.36 2.74 2.38 3-40 ie 3.80 E.34 4.30 I.34 4.80 ieee} 
1.64 I.41 2.22 1.38 2.72 TSO 3.35 Tess 3270) Dasy 4.20 1.36 4.70 Lass: 
2.20 I.40 2.70 I.40 3.30 Bass 3.60 I.40 ALzEO 1.38 4.60 1.36 
3.25 36 4.00 I.40 4.50 1.38 
3.20 1.38 4.40 I.41 


of the pipe. 


Ioo 


introducing the length factor is due to the fact that, unlike the case 
of liquids, the friction loss is not in simple proportion to the length 
The factors of the table below the chart are values of 


—— from which factors for other lengths may be calculated. 


Plotting the Compression Curve 


The plotting of the adiabatic curve involves the solution of equation 
(1) which, for this purpose and for air, may be more conveniently 
written: 


0 2 


pode 141 = py, 141 


4 a9) 6 
Relative Volumes 


Fic. 8.—Ordinates of the adiabatic curve for air. 


Values of 1 and v1 are to be measured from the indicator card 
near the beginning of the compression when various smaller values 
of v. being taken, the corresponding values of 2 may be calculated. 
The process may be greatly abbreviated by the use of the constants 
of Fig. 8, which gives the relative increase of pressure for the re- 
duction of volume as the compression goes on. To use the diagram 
the indicator card should be divided into tenths and half-tenths, as 
this diagram is divided. Then, taking the absolute pressure at the 
beginning of compression, the product of this pressure by the multi- 
plier at the left of each ordinate of the diagram will give the pressure 


Fic. 9.—Construction of the adiabatic curve. 
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due to the adiabatic curve at the corresponding ordinate of the indi- 
cator card. The diagram is applicable to high and low pressure cards 
alike, the proper initial absolute pressure being taken, of course. 
For compression from 14.7 lbs. initial the multiplications have 
been made and entered on the right side of the vertical lines of the 


Fic. 5 —Compressed air indicator card analyzed by the chart, Fig. 6. 
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diagram, from which the pressures at the various ordinates may be 
read directly for that initial pressure. 

The use of this initial pressure is, however, seldom justified be- 
cause of the suction loss which exists in most cases. In such cases 
the assumption of full atmospheric pressure results in a curve which 
is too high for the truth, and gives the compressor credit for a degree 
of cooling to which it is not entitled. 

The plotting of the adiabatic curve for any value of the index 
may be done graphically as in Fig. 9 (Amer Mach., June 21, 1900). 
Draw OJ at any convenient angle @ with OX. Determine the 
angle $ from the relation 


it+tan f=(1-+tan «)” 


in which m =the required index. 

Draw OC at the angle 8 with OY. Through A draw AB paralle. 
to OX and AJ parallel to OY. Lay off BC at an angle of 45 degl 
with OY, and from the intersection of BC and OC draw a horizontal 
line CE. From the intersection of AJ and OJ draw a line at 45 
deg. with OX and cutting OX at H. At H erect a perpendicular 
cutting CE at EF and OJ produced at J;. Then £ is a point on the 
curve, and so proceed. The smaller angle “ is taken the more closely 
the points of the curve will be located, but the greater the opportunity 
for instrumental error. Obviously the construction may be begun 
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Fic. 6.—Finding the index to an actual compression curve. 
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at point S as readily as at point A and conversely, if we have a curve pressed air as actual compression is always nearly adiabatic. Its 


for which we wish to derive an exponent, we can, by working back- equation is: 


ward, locate the lines OC and OJ, measure the angles @ and §, and Dia UL 
solve for 7. p12 


For the index value 1.41 the method of Fig. 8 is to be preferred as, in which p1=initial pressure, abs., 


from its nature, the method of Fig. 9 involves an accumulation of p2=find pressure, abs., 
error which impairs the accuracy of the result. v1=initial volume, 
The isothermal curve has comparatively little application to com- v2=find volume. 
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Directions for use: Double the initial absolute pressure and from the product subtract the desired pressure loss. Find the re- 
sult on the left hand vertical scale; trace horizontally to the right to the line for the desired pressure loss; thence vertical to the 
line for the diameter of the pipe; thence horizontally to the right hand scale where read the volume of free air in cu. ft. - min 
supposing the pipe to be 100 ft. long. For other lengths multiply this volume by the proper factor from the following abIs: i 


Length | 
f i ; | Factor | pa Factor | gosh Factor gig 2 = Factor 
a ge | 750 . 365 | 2,500 | 220) 7,000 . 119 
: | 1,000 316 3,000 ie ask 8,000 mugen 
Bee 578 | 1,250 . 283 | 3,500 . 169 9,009 . 105 
ae | ca | 1,500 258 | 4,000 .158 10,090 .10 
aR | be 1,750 ey 5,000 agen 15,000 .082 
: 2,000 224 | 6,000 .129 20,000 .079 


Fic. 7.—Friction of compressed air in pipes 


COMPRESSED AIR 


The chief use of this equation in compressed-air work is in laying 
down the isothermal curve on combined indicator cards in order to 
determine the efficiency of the intercooler in reducing the tempera- 
ture and volume of the air before entering the high-pressure cylinder. 
For a graphical method of constructing the curve see Isothermal 
Curve. 


per Sa. Ft. 
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Ou.¥t.F ree Air per Min, 


Fic. 1o.—Relation of surface and capacity of intercoolers. 
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The Intercooler 


The design of intercoolers should be such that the air and water 
pass through them in opposite directions in order that the incoming 
or coolest water may act on the air at the last stage of the cooling. 
The outer surface of the tubes should be the air surface as its greater 
area compensates, in part, for its lesser efficiency. There is no 
advantage in copper or brass over iron tubes, in fact, in such com- 
parative experiments as have been made iron tubes have been found 
the more efficient—due probably to their greater roughness. 

The cooling area required for any given final effect may be deter- 
mined from Fig. 10 by H. V. Harcut, Chief. Engr., Canadian Inger- 
soll-Rand Co., (Amer. Mach., Aug. 30, 1906) which represents the 
formula (determined by experiment): 

y= .4% 
in which y=free air capacity of intercooler, cu. ft. per min. per 
sq. ft. of cooling surface measured on the air side, 
x =difference in temperature, deg. Fahr., between the air 
leaving and the water entering. 


The Nordberg construction of intercooler, Figs. 11 and 12, has an 
unusual provision to compel the water to flow equally through all 
the tubes in addition to the counter-current direction of air and water. 
The tube plates are shown at aa while complete tubes are shown at 
bb and others—cut off to avoid confussion—are shown at cc. The 
air enters the intercooler at d and is discharged at e, while the water 
enters at f and is discharged at g. Baffle plates hhh guide the air 
in the manner indicated by the arrows 7i7, while baffles in the water 
heads insure the flow of the water in the opposite direction as indi- 
cated by the arrows jj7. 


Reheating Compressed Air 


The gain due to reheating compressed air formed the subject of 
experiments by W. G. Epmonpson and E. L. WALKER (Amer. Mach., 
July 31, 1902) a 2 h.p. shaft governor engine being used. The 
consumption of air per h.p. was, no doubt, greater than with 


Fic. 12.-Sectional Elevation 


Fics. rr and 12.—The Nordberg 
intercooler. 


Temperature of Reheated Air 


Fic. 13.—Reduced consumption of com- 
pressed air due to reheating. 
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Temperature of Air entering Engine 


Fic. 14.—Increased economy of com- 
pressed air due to reheating. 


396 


larger engines but there is no apparent reason why the gain due to 
reheating should not hold. The tests were made at three pressures 
and various degrees of reheating. The results on the air consumption 
per brake h.p. are given in Fig. 13, while Fig. 14 shows the 
gain in economy, including the cost of reheating. In this chart, 


z -p- ted 
B.t.u.’s per h-p. reheate Theresultetound 


gain in economy =1— 


B.t.u.’s per h.p. not reheated” 


Oil Groove 
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in its groove. The piston is thus a floating piston, the weight of 
which is carried by the piston rod. This rod, as befits its duty, and 
as shown in Fig. 16, is extremely light. It was made of steel pipe, 
its diameter providing ample stiffness. Each end carries a shoe for 
supporting the weight of the piston, the shoes and the guides being 
shown in Fig. 16. 

When the slight deflection of a piston rod which suffices to transfer 
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Fic. 15. 
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Fics. 15 and 16.—Nordberg construction of piston and piston rod of blowing engines for very light pressures. 


exceed those to be expected from 
the calculated expansion of the air 


MMMM 


due to the reheating. This is ex- Ns 
plained by the increased mechanical \ 
efficiency of the engine when heated 
air was used. Indicator and brake 


Section of Piston Rod 
on AB 


tests showed large friction losses 


Ayititiuy py : 


= sie - = i = i fl 


due to the low temperatures when 


unheated air was used—losses that 
grew markedly less when the air 
was heated. The tests showed the 
fuel cost of the air obtained by 


compressing to be from 8 to 109 
times that obtained by heating. 
Were the first cost of the com- 
pressor plant to be compared with 
that of the heater, the comparison 
would be still more striking. 


Details of Air Compressors 


Piston and piston-rod constructions for large blowing engines under 
light air pressure, as used by the Nordberg Mfg. Co., (A mer, Mach., 
Feb. 7, 1907) are shown in Figs. 15 and 16. The pistons, Fig. 15, 
which are of 7o ins. diam. and designed for an air pressure of 40 OZ. per 
sq. in., were made of 3-in., boiler plate, each side in one piece and 
dished to theformshown. Lateral stiffness was provided by riveting 
the plates at the outer diameter to a ring spider in halves, the piston 
ring groove being between the halves. The piston was turned 22 NS. 
smaller than the bore of the cylinder and the ring did not bottom 


MMM COL VL, MU, 
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Fic. 17.—Nordberg construction of piston rod for moderate air pressures. 


its weight to the cylinder is considered, the conclusion seems inevita- 
ble that the provision of slides at both ends of rods of the usual pro- 
portions is of more than doubtful value as a means of transferring 
the weight of the piston from the cylinder to the slide. 

Another piston-rod construction used by the Nordberg Co. for air 
pistons under somewhat heavier pressures (in this case 7 lbs. per sq. 
in.) is shown in Fig. 17 (Amer. Mach., Nov. 23,1905). With such low 
pressures, the objection to large stuffing boxes disappears and the 
rod is of enormous size—r6 ins. diam. for an air cylinder of 62 ins. 
diam. It is of cast-iron, hollow and within it is a forged rod, the 
two being so connected that the forged rod carries the tensile and the 


COMPRESSED AIR 


cast rod the compression strains. 
rod under initial tension. 

Air valves for a large blowing engine (62% 42-in. air cylinder, pres- 
sure 7 lbs. per sq. in., speed 75 r.p.m.) as made by the Nordberg 
Mfg. Co. are shown in Fig. 18 (Amer. Mach., Nov. 23, 1905). The 
valves are of the Corliss type and are essentially similar to steam 
cylinder valves, except that their functions are reversed, the inlet 
air valves being similar to exhaust steam valves and the outlet air 
valves similar to admission steam valves. All valves are double- 


A key at a serves to put the forged 


ported, a provision which gives to the air valves the unusually gen- 
Fig. 


erous effective port area of 13.4 per cent. of the piston area. 
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plate made of a steel punching, which, by means of two arms fixed 
by plugs, is guided without friction, the valve guard and a helical 
spring between valve and guard. Fig. 3 shows all these parts in 
detail. The only purpose that the spring has to serve is to effect 
the closing of the valve plate at the proper time. Suction- and 
discharge-valve parts are identical. 

The method of inserting the valves into the casings is also shown 
in the illustration. The valve is inserted between the casing and 
guard, which former is provided with stems connecting it with the 
cover plate. The tightening of the valve and the cover is effected 
by rings made of a suitable graphitic material. 

Poppet valves for «air-compressor 
service (Riedler system) are shown in 


Fig. 20 (Amer. Mach., Oct. 16, 1902). 


The special feature of this system 


of valves is that while they are 
closed positively by mechanism they 
are opened by the air or water, as 
the case may be. A moving lever 
closes the valve at the end of the 
stroke, and then, before the time for 
the valve to open arrives again, the 


lever withdraws and leaves the valve 


free to open whenever the conditions 
require it. The action is the same 


H with both suction and discharge 


Fic. 18.—Nordberg construction of double ported Corliss valves for blowing engine cylinders. 


H 


Suction\_| 


Fic. 20.—Poppet valves for air compressors—Riedler system. 


4 shows the valves in relation to their seats and the method by which 
the inlet valves are given a double port. 

Spring-closed relief or safety valves are also provided (not shown) 
to provide for any possible failure of the regular valves (which are 
positively actuated) to act. 

Poppet valves for air compressor service, as made by A. Borsig, 
Tegel, Germany, are shown in Fig. 19 (Amer. Mach., Nov. 5, 1908). 

The valve arrangement consists of a cast-iron seat, a thin valve 


valves, and much of the mechanism 
is common to both. Both sets of 
valves require closing at the same 
moment—at the extreme end of the stroke—and since that is all 
that the mechanism does, the same movement is obviously as 
appropriate to one as to the other. 

Fig. 8 is a longitudinal section of the upper end of the low-pressure 
air cylinder and its valves, the surrounding casing being broken 
away. The valves will be seen to be double seated, the direction 
of the air currents being shown by the arrows. The manner in which 
the levers ab act to close the valves will be apparent on inspection, 
At cd are air gag or choke pots, the office of which is to prevent any 
rebound of the valves from the stops which limit their opening when 
the compressor is running at high speed. The valves of the high- 
pressure cylinder are similar to those of the low except that they are 
single seated. 

Packing for a high-pressure air plunger of a 4-stage air compressor 
for tooo lbs. per sq. in. pressure, by H. V. Hatcur, Chf. Engr., 
Canadian Ingersoll-Rand Co. (Amer. Mach., A pr. 23, 1908), is shown 
in Fig. 21. The construction gave excellent results, although it is 
not easy to see the office of so many packing rings outside the oiler 
ring or lantern. The plunger should be ground to reduce wear of 
the packing rings. 

The cuts in the inside rings do not lead to appreciable leakage. At 
most they form a long and tortuous passage with many enlargements 
to destroy the energy of the moving air. Moreover they fill with 
oil and soon close up. 

For pipe fittings for high-pressure compressed air see Pipe Fittings 
for High-pressure Air. 


Consumption of Compressed Air 


The consumption of compressed air by various pneumatic tools as 
made by the Ingersoll-Rand Co. is givenin Table 8. The figures are 
not mere estimates based on piston displacement but are the re- 
sults of careful tests by the makers, the air being accurately measured 
by a water-displacement meter. 

The consumption of compressed air by Curtis direct-lift air hoists 
is given in Table g. 
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TaBLE 8.—CONSUMPTION OF AIR BY PNEUMATIC TOOLS 
Crown Hammers Imperial Hammers 
| : : Cu. ft. free Culiider Cu. ft. free 
Sis Cylinder Weight,| air per min. Uses Size Weight, air per ES 
no. | Bore,|Stroke,| bs. | 60 Ibs./r00 Ibs. no Bore, | Stroke, Ibs. min. at 80 
ins. ins. | | pres. | pres. ins. ins. Ibs. pres. 
Fos : I Is x4 10 20 Chipping and calking bath 
SI-EL |) ort I De || 17 | Chipping and calking bath tubs and range boilers and 
| tub and saree boilers and other Monee 
| | Oe Heht pee 2 is 2 11} 20 Light chipping and calking 
52-H 13 2 | 10 II 18 Light chipping and calking, beading flues and) sealing 
beading flues and sealing Canines: 
| CASES: Ley ; 3 os 3 123 20 General chipping and calking. 
53-H 1} 2 IL 12 2 General chipping and calking. ie ae a ise be Leavy chipping and Gate 
54-H ze 4 | a4 He ae sehen! Gees SEN EE 5 ae 5 15 21 Extra heavy chipping and 
| Riveting light tanks and . 
5 calking. 
| heavy sheet iron. 40 is 4 132 2i Driving rivets }-in. diameter 
and less. 
Little David Piston Drills 50 vs 5 5 21 Driving rivets 4-in. diameter 
less 
x. |Cu. ft. free and 2 
Max. Max. Max. Max. ee te = : 
Size | Weight | diam. | diam. | diam. | diam. eee Seen Imperial Motor Hoists 
no lbs. twist wood | reamer, tap, : ft. £ - 
drill, ins | bit, ins.| ins, ee a oo Size | Capacity, | Ft. lift per min. | Max. lift, ee pee 
ae pss: no. lbs. at 80 lbs. pres. ft. P ‘ Ae 
I 53 3 ie ee 2 2 3 55 max. 10a 
2 40 1 A We dace ees I 2k 50 I I,000 32 20 TAt 
Z 23 | Cpe al oe es | 3 Pa. Mi\tcccte meee 30 2 2,000 16 20 2.82 
12 37 Vikcr meer ay yr Al Roane Riera ved \Sianaas, eO | oe eee | 50 4 4,000 8 20 5.63 
I3 ZOO e Nig. ee ae 2 | Nee ke see cae TORE | [ees Re cee el trea meee 30 "nf 7,000 8 20 Io 
Io 10,000 7 20 Il.4 
Crown Sand Rammers 
. ao is Cylinder e@uatemtreetaimipeominat neces in which V=volume of air consumed, measured at atmos heric 
Te Ft calleet oe y p Dp ) 59) 
tol) ° 
eo .8 | Bol Bore, |Stroke,| 40 | so | 60 | 70 | 80 | 90 |100 pressure, cu. ft. per min., 
: a6 |= ins. | ins. | lbs. | Ibs. | lbs. | ibs. | Ibs. | Ibs. |Ibs. a=area of steam piston, sq. ins., 
Bench ram- 20 10 I 4 1% T43| 17 | ros] 22 | 25 | 28 h=head of water, ft. 
Dr ea diameter of steam cylinder 
Floor ram- | 46 22} 1? Sy re a IP 3KS5 || ae eV) PAS || ee =— ~ : 
mer 20-SR.| | | diameter of water cylinder 


TABLE 9.—COoNSUMPTION OF ArR BY Drrect-Lirr Arr Horsts 


Nominal inside | Capacity in lbs. at 80 lbs. Cu. ft. of free air re- 
diameter of air pressure. 10% quired to lift full load 1 ft. 
hoist in ins. allowed for friction loss at 80 lbs. air pressure 

4 861 -54 
5 1,356 85 
6 2,050 wy) 
di 2,791 1.73 
8 3,616 2e24 
9 4,592 2.85 
10 5,636 3.229) 
12 8,154 5.06 
I4 II,270 Hpi? 
17 16,500 10.10 
19 20,900 12.50 


The consumption of compressed air by direct-acting steam pumps 
may be determined from the formula: 


h 
V=a (0307 x5 +, 


799) 


The formula is the full rational formula reduced to its lowest terms 
with the added assumption that 20 per cent. of the power is consumed 
in friction of the pump and of the water in the pipes and that r5 per 
cent. of the piston displacement is lost in clearance and leakage. 
The compressor is assumed to operate under 14 lbs. atmospheric 
pressure. A useful modification of the formula is the following: 


V =.628h+16.9r? 


Packing Rings 
SS 


8 Holes 


Fic. 2 


Every Alternate Ring on Outside of Red Brass 


17 Inside Rings 


8 Outside Rings { 
3 Outside Rings ~ Req Brass 


1.—Haight’s packing for high-pressure air plungers, 


2 lbs, Genuine Babbitt 
1 lb. Lead 
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in which V=volume of air measured at atmospheric pressure re- 
quired to pump 100 gals. of water, cu. ft. 
The formulas have been verified by tests on compressors driving 
pumps exclusively. 
The discharge of air through orifices is given in Table ro. 
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Fics. 22 and 23.—The air 


lift pump. tested by Mr. Kelly. 


399 


The Air-lift Pump 


The air lift pump of Dr. E. S. Pohlé, a remarkable invention in 
point of simplicity and effectiveness, is shown in its original form 
in Fig. 22. Other forms are used, including that of Fig. 23, by the 
Ingersoll-Rand Co. Whatever the arrangement, the principle is the 
same. ‘The water pipe is well submerged and, air of adequate pres- 
sure being admitted, it rises in the pipe and forms a mixture of air 
and water which being lighter than the surrounding water rises and, 
if the depth of submergence be sufficient, overflows at the outlet. 
Numerous installations exist in which water is raised from 600 to 
1200 ft. 

The theory of the pump is obscure, but the following formula by 
KE. A. Rix and the Ingersoll-Rand Co. gives the volume of air 
required: 

a ee 
C log Hoses 
34 
in which V =air piston displacement cu. ft. (ordinary volumetric 
efficiency assumed) per gal. of water 
h =vertical lift, ft., 
H =submergence of water pipe, ft., 
C =a constant from Table 11. 


Y= 


It must be borne in mind that the working water level, when 
pumping from wells, is commonly below the standing level and by 
an amount that cannot usually be known in advance. It is hence 
customary to assume certain conditions of lift and submergence 


Fics. 24 and 25.—Air lift pumps based on experience and pipe the wells accordingly. After the pip- 


ing is installed and working conditions arrived at, the submergence 


TABLE I¢c,—DISCHARGE OF COMPRESSED AIR THROUGH ORIFICES 


By The Ingersoll-Rand Company 


Receiver gage pres- 


Diameter of orifice, ins. 


sure, lbs. per ei a2 ae Ne z 3 2 gs | #2 g I 1 13 2 
sq. in. Discharge, cu. ft. of free air per min. 

2 1 2038; 7} 153 .647 PS On Ae 2hO S| sO 61 87.60] 119.50 156 242 350 625 

5 .G5Q7 | 242 .965 3.86 15.40] 34.60) 61.60] 96.50) 133 189 247 384 550 985 
Io 0842 | .342 .136 is oh 21.8 49 87 136 196 207 350 543 FOO! |e redhrences 
I5 TORE Aca.) ear 6.65 26.70} 60 107 167 240 326 427 665 GUO Wosbee 
20 II9Q 485 1.93 pe Wl 30.8 69 123) 193 PG) 378 404 ETO) PU ee | eae ee an 
25 sae ies ay aio) - 8.6 34.5 77 138 216 310 422 550 S008 Wee cwaee| yenees 
30 1250 BOS25) 252 Io 40 90 161 252 362 493 645 OOO aul eear ares || Woeeorr 
35 | .173 fa 2.80 TE 44.7 | 100 179 280 400 550 715 Sok w[eeceeefeeenes 
40 its a BOF i BY PNY CIO)) LURKS ZS) AKAN yh eolecneO}| PUL 0) OO EY) GIO) Sacwo cla aco oll sue on 
45 208 ROAS Ise 2O 13.4 SOMO alike 215 336 482 658 poLOYO me ellie ennd geste tenes tert lace: 3. cats 
50 225 rOUAU S04. 14.50 one || aero) 232 364 522 710 O30: l\oarsas ek ltwerss aye eet 
60 2A: 1.05 4.2 16.8 67 ricer 208 420 604 (Oy Tea Ia reiterates uer eed Gi lok oe oaarercal eee a arse 
70 os laisse 4.76 19 76 171 304 476 685 OBO8 “tanh tenance oe |e eral pees 
80 {36e | aneoe cee PEt. & 85 IgI 340 Bee 705 OOH: gee bese tacyseialis ce stista esl eee nope ace 
go .364 | 1.47 | 5.87 | @3-50 | 94 211 376 587 Bases Veccrs spew enc aremnterell drains trae | nna te 
I0o .40 1.61 6.45 25.8 103 2am 412 645 QOS We lirewrscnet motes Ne lek der oreel Poneto tcomtccfeal rorn ns tarep lla meee 
125 . 486 L207 ToS 31.4 125 282 502 FBS NA | Hectares chlor Saeehe sal pmaauey cs0ral| Ou sintecs oreilie nner cero Fens oneee 
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TABLE I1.— VALUES OF CIN FORMULA FOR AIR-LIFT PuMpPS. PROPER 
SUBMERGENCE ASSUMED 


kh =Lilt. & 


FOsLb. tO eOOwtts INCLUSIVem ae etre eet eae 
Ol tie LOL2O0) fin IN CLUSLV.Cs me saa an Neer oe ae OS 
ZOUELG LORS OOM Psa rayec beat cegn eeecre aerate a eee LO 
SODPL Cm COROR OLE ea retro ee tue ae ee LOG) 
Gore ramtOm 7 GOmiu mn Chlisive saat oe eetse entire eens O 


is altered to suit by raising or lowering the pipe until the best rates 
are established. 

The necessary percentage of submergence varies with the lift. Mean- 
ing by percentage of submergence the percentage of the total length 
of pipe submergeed when pumping, the range, according to the In- 
gersoll-Rand Co., is as follows: 


Horan liltOle7 onl ante eae eye ep OONDEL Cents 


Boratto 500 tte. acme dae eaten er ond L per cent. 


The average best percentage in the class of work usually encoun- 
tered will lie between 50 and 65 per cent. 

The air pressure required does not depend upon the lift # but upon 
the submergence H and is greater when the pump is being started 
than when at work, because the submergence is greater with the water 
at the standing level. The starting pressure must slightly exceed 
the pressure due to the submergence or, say: 


starting pressure=.44 H 
the pressure being in lbs. per sq. in. and the submergence in ft. 
The working pressure is equal to the working submergence multi- 
plied by the same constant, but, as has been said, the working sub- 
mergence is frequently unknown in advance. 
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It is important that the pipes be proportioned to the flow, because 
with too large a pipe the air rises through the water without doing 
all the work it should, while, with too small a pipe, the results are 
undue friction loss and inefficient expansion of the air bubbles. 
According to the Ingersoll-Rand Co., the proper dimensions and 
capacities of the arrangement shown in Fig. 22, which is the most 
economical and should be used when the well is sufficiently large, 
are as given in Table 12. 


TABLE 12.—DIMENSIONS AND CAPACITIES OF AIR-LIFT PUMPS OF 
THE TYPE SHOWN IN FIG. 22 


Maximum econom- 
Aide Seine nee ee . : ical capacity on 
Air pipe, ins. |Water pipe, ins.| Size of well, ins. ridersteli (vente 
per min. 
2 I 3 7 
z ue 4 20 
I 2 42 35 
I 2k 5 60 
IZ 3 6 90 
13 Be 7 120 
1 4 8 160 
13 5 9 250 
2 6 Io 350 


In case of necessity these capacities can be increased 20 to 4o per 
cent. but at a decreased efficiency. 

The arrangement shown in Fig. 23 is used to obtain the greatest 
possible output from a given size of well casing. It is not always 
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Fics. 26 to 28.—Results of air lift pump tests by Mr. Kelly. 
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as economical as the arrangement shown in Fig. 22 but may be used 
when the well is very strong and a great deal of water is wanted from 
a few wells. According to the Ingersoll-Rand Co., the proper size 
of air pipe for the different sized casings and the capacities to be 
expected are about as given in Table 13. 


TABLE 13.—DIMENSIONS AND Capacities oF AIR-LIFT PUMPS OF 
THE TYPE SHOWN IN FIG. 23 


Casing, ins. Air pipe, ins. Capacity, gals. per min. 
35 1% 80 to 100 
4 13 Ioo to 150 
5 2 Iso to 250 
6 2 275 to 375 
8 24 500 to 650 
Io 25 775 to 1000 


The efficiency of the air-lift pump is not high, but for many uses 
this is more than offset by its remarkable simplicity and consequent 
freedom from derangement and by its capacity to deliver all the 
water a well will supply—a capacity which is shared by no other 
deep-well pump. 


26 
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The most complete set of test data known to the author are those of 
James Ketty (Proc. I. C. E. 1906). Two arrangements, shown in 
Figs. 24 and 25 were tested, the dimensions of the pumps being given 
in Table 14, while the results are g!ven in Figs. 26, 27 and 28. When 
consulting these data it should be remembered that the water was 
measured in British gallons. The figures for efficiency give the ratio 
of the work done in raising water to the work indicated in the air 
cylinders of the compressor. The compressor used was a compound 
Ingersoll-Rand having air cylinders of 28} and 16% in. diameter by 
24-in. stroke. 


TABLE 14.—DIMENSIONS oF AIR-LIFT Pumps TESTED 
BY Mr. KeLiy 


; Area of peas Depth of | Distance 
Number | Depth, Diam- delivery, area, of air- asics fies 
of well ft. eter, ins. Ghee tube, sq. ft. comeen 
ins. 
38 350 12 19.63 18.75 339.5 600 
39 350 3g) I2.56 16.2 347.0 820 
40 350 I2 12.56 3.1416 320.5 5400 


MECHANICS 


The mechanical advantage or increase of force due to the “‘me- 
chanical powers’’—lever, pulley, wheel and axle, inclined plane, 
wedge and screw—whether used singly or in combination, is the in- 
verse ratio of the velocity of the applied force (power) and of the 
resisting force (weight). To determine the mechanical advantage 
it is only necessary to determine the velocities at the beginning and 
ending of the train of mechanism, when: 

power _ velocity of weight 
weight velocity of power 


mechanisms, of which about the only successful example is the dif- 
ferential pulley block. The exception of this construction to th 
general law is apparently due to the fact that the bearings subject 
to the combined heavy loads and high speed are of a type which per- 
mits them to be made large enough for the service. 


TABLE 2.—HEIGHTS OF FALL DUE TO VELOCITIES 
From Clark’s Manual of Rules, Tables and Data 


This table gives also the heads necessary to produce given spouting velocities 
of water—the column for height being read as head. 
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The thrust of a toggle joint may be determined graphically as in Figs. If the joint has equal arms this becomes 
1 and 2, the force F being applied at A, Fig. 1, and the thrust at B F 
or C. ~ 2 tan a 
In the diagram, Fig. 2, make the perpendicular PQ of such length : 5 : 
as to represent the applied force F and draw PR parallel to AC and AE AE aling I Re OT State Cees, 
QR parallel to AB. The lengths of PR and QR will then represent pressed by the equations: 
Vv =32.2 ¢ 
P ——s 
v=v/ 64.4 h 


Jig . 
A os 
=e a/ h nearly 
s n h=16.1 0? 
R Cc 
v 
Fic. 1. C= 
Q BIG, 2: 


~ 32.2 
{ =\/ i 
EOnt 
‘=1\/ i, nearly 


the stresses in the links AC and AB, respectively, while the horizontal jn which v= acquired velocity, ft. per sec., 
SR represents the thrust. 


Fics. 1 and 2.—Forces in a toggle joint. 


t=time of fall, sec., 


Trigonometrically we have: h=height of fall, ft. 
e- poos.& 608 B These relations of velocity, height and time are tabulated in Tables 
ew cinta . I, 2 and 3. 
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Revolutions per Minute 


Trace vertically from r.p.m. to the curve and then to the left and multiply the quantity found by the diameter, ins. and by the 
weight, Ibs. 


Fic. 4.—Centrifugal force. 
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The laws of motion of bodies acted upon by uniform accelerating 
forces are expressed by the equations: 


‘ is 
¥2= 1132.26 


Je 2 
S=vl+16.160 


in which v)=final velocity, ft. per sec. 
v1=Initial velocity, if any, ft. per sec. (if the body starts 
from rest 7;=0) , 
P=force acting, lbs., 
G=weight of body, lbs., 
¢=time during which force acts, sec., 
S=space passed through, ft. 
If the force is a retarding force these become: 


U2 =V1— 32.204 
S=v,t—16 Pa 
=v,t—1 IG 


Fic. 3.—Graphical solution of problems in accelerated motion. 


Problems involving the laws of uniformly accelerated motion, as 
faliing bodies, may be solved by drawing a diagram similar to Fig. 3. 
On the vertical line AY lay off equal distances representing seconds, 
AB being unity. Make BC equal to the acceleration—32.2 ft. per 
sec. for gravity—and draw AX. Then, after five seconds, for 
example, LF =velocity, area ALF= the distance traversed and area 
LFEN = distance traversed during the last second. 

If the acceleration is not uniform and its law is known, AX may 
be drawn to represent it, the construction being otherwise the same. 
The energy stored in moving bodies is expressed by the equation: 

_ Gr? 
~ 64.4 
in which E=stored energy, ft. lbs., 
G=weight of body, lbs., 
v=velocity of body, ft. per sec. 

The additional energy stored by an increase of velocity of a moving 

body is expressed by the equation: 
i Ci? et? 
in which E=energy stored by the increase of velocity, ft.-lbs., 
G=weight of body, lbs., 
21 =initial velocity of body, ft. per sec., 
2 =final velocity of body, ft. per sec. 

The energy given out by a’reduction of velocity of a moving body 
is expressed by the same equation with the notation of 2, and Ve 
inverted. 

The centrifugal force of revolving bodies is expressed by the equation: 

P =.0003399”°Gr 
in which P=centrifuagl force, lbs., 
n=revolutions per minute., 
G=weight of body, lbs., 
7=radius of gyration or with sufficient accuracy for most 
purposes radius of the center of gravity of the body, ft. 
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Calculations of centrifugal force may be abridged by the use of 
Fig. 4, by N. J. Hopxrins (Amer. Mach., Feb. 10, 1808). 

For the stress in a revolving ring due to centrifugal force, see 
Fly-wheel. 

The center of gravity of many plane figures is obvious at a glance, 
being the same as the center of area. Following are formulas for 
some other figures of common occurrence, the point c being the center 
of gravity in all cases. 


sat ____ chord X radius 
LEN Circular arc: o¢= ae 
Sea | ce Simicircle: 0c = .6366 X radius. 
Sa For tabulated lengths of circular arcs, see 
Oe” ; 
r Circular Arcs. 
b Triangular area: Bisect two sides and con- 


nect the dvisioin points with the opposite 
angles. The intersection c is the center of 
gravity. Dropping a perpendicular ca to any 
€ U side ca=} Xaltitude be. 


' Any quadrilateral: Draw the diagonals ab, 
de; bisect ab at f; make eg=di; join f and 
g and divide fg into three equal parts; c is the 
center of gravity. 


2x chord 


ace radius. 


Circular sector: oc= 


Semicircle: 0c =.4244 Xradius. 
Quadrant: 0c = .6002 X radius. 
Y For tabulated lengths of circular arcs see Cir- 
cular Arcs. 
PS chord? 
A Circular segment: o¢=-———— 
He I2X area 
Ki For tabulated areas of segments see Areas of 


Circular Segments. 


A portion of a circular ring 


713 — £93 outer arc 
oc=3\—-5 |} OX 
1 ie UNGHH OOS 


2 
outer chord 


Y For tabulated lengths of circular arcs, see Cir- 
cular Arcs. 


s A 1a 
Circular crescent oc= as 
2 


in which A =area of segment bounded by arc 
of smaller radius and common 
chord, 
Ai=area of segment bounded by arc 
' of larger radius and common 
chord, 
Ao=area of crescent=A—A, 
a=distance between centers of the 
two arcs. 
For tabulated values of areas of segments, 
see Areas of Circular Segments. 


N 


a 


amie 
eS = © 


~ 
~. 


, 


The center of gravity of irregular figures may be found experimentally 
by the method shown in Fig. 5 as follows: 

Trace the figure upon heavy paper or card-board and cut it out. 
Suspend the figure thus made from a pin placed near the edge of the 
figure at A, allowing it to hang freely in a vertical plane. Suspend 
a plumb-line from the pin and draw upon the figure a line coincident 
with the position of this plumb-line. Suspend the figure from another 
point B and find a similar line. Where the two lines intersect is the 
center of gravity of the surface. 

The center of gravity of irregular figures may be found graphically 
by the method shown in Fig. 6 by F. H. Hummer (Proc. Brit. C. & 
M. E. S., 1900). 


MECHANICS 


The problem usually takes the form of finding a line in a given 
direction passing through the center of gravity of a given section. 
Let the directionbeOY. Draw a line OY in this direction and touch- 
ing the base of the figure. If the figure is curved at the bottom the 
line OY must be a tangent at the lowest point of the figure. Next 
draw an axis OX at right angles to this. In most practical problems 
the section will be symmetrical, and in this case the line OX is 
naturally taken along the axis of symmetry, and the construction 


Fic. 5.—The center of gravity of irregular figures. 


x 


Fic. 6.—The center of gravity of irregular figures. 


has then to be made for one-half of the figure only; if it is not sym- 
metrical the axis OX can be drawn in any convenient position, and 
the following construction must be applied to each side of the figure. 
Draw a line WN parallel to OY about half-way up the figure, and at 
some even distance d from OY..- 

Next draw a series of lines PR parallel to OY. In straight parts 
of the section, such as the web in the figure, these can be wide apart, 
but where the section changes rapidly, they must be drawn closer 
together in order that the final curve may be quite definite. At the 
point P, where one of these lines cuts the section, draw a line PQ 
parallel to OX, intersecting MN at Q. Join O and Q and produce to 
R on the line PR originally drawn. A is a point on the curve we are 
finding. Repeat this for each of the series of lines and connect 
points R so found by a curve (dotted in the figure). 

Then if the area of the original figure, most conveniently found by 
a planimeter, equals A, and the area of the new dotted figure equals 
G, the distance of the center of gravity from OY along OX is 
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xo Fe 

Tf OX is not an axis of symmetry the area G must be taken as the 
sum of the areas of the new curves obtained for both sides, and A 
must be the area of the entire section. 

The moments of inertia of irregular sections may be obtained from 
Fig. 7 by O. A. Torin (Amer. Mach., Aug. 15, 1907). 

The chart can be used in computing the moments of inertia of 
simple sections by dividing them into rectangles and computing each 
one separately. For more complicated sections, irregular in shape, 
divide into a number of equivalent rectangles and compute each one 
separately. The curve of the chart has been constructed to represent 
the formula for the moment of inertia of a rectangle about its side: 


be 
3 
in which 7=moment of inertia, 
b=breadth, 
h=height. 


Fic. 12. 


Bicsirm 


Fics. 8 to 12.—Illustrations of the use of the chart for computing 
moments of inertia. 


In the chart the rectangle has been considered of unit width, or 
tin. The hight above the axis OX, Fig, 8, is measured on the left- 
hand vertical scale and varies from }; in. to 6 ins. The horizontal 
scale gives the value of J for each #;-in. increase in the height of the 
unit section. The curve has been drawn in steps in order to make 
the horizontal or J values more definite. Should the vertical dimen- 
sions of a section run into sixty-fourths of an in., a middle point 
between the values for thirty-seconds can easily be read off on the 
curve. 

As the values of J for the unit section become very small below 
1 in. height, the curve is enlarged 10 times for vertical dimensions 
between 1 in. and 3 in., and too times for such dimensions below 
3 in. in order to give accurate results. For large sections, where the 
distance from the neutral axis to the extreme fiber exceeds 6 ins., 
but is less than 12 ins., the chart may be used with following modifi- 
cations: Divide all height dimensions of the section to be figured by 
2. Calculate the moment of inertia from the chart, write these new 
dimensions and multiply the result by 8, which will give J for the 
original section. 
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A wy examples will best show the method of using the chart and Lok (40 093A 32 e Cad 3s On es 
the advantage it has over formulas in the saving of time. 2 ; 
For the section, Fig. 8: I =183.1. 
From the chart for 335 ins. on the vertical scale the corresponding For the section, Fig. rz: 
value on the horizontal scale is 12.11. I=1.625 (.92+.0135) +1.625 (.248 —.0135) =.964. 


Then T=2.5 X 12.11 =30.27. 


Resthe ection Bis’ 6: For the section, Fig. 12: 


I 
—= §(.248 —.082) +2(.248 —.123) +(.248—.0415) + 


Uf = 
21875 X2.07=5. 2 
ile (.248 —.0345) +(.107 —.0175) + (.082 —.0052) +.059+ 
3 .0314+.0224. 
For the section, Fig. ro: f= 72738. 
7 a a 114,83 
Se SS 11]3 : 
5 2S SESS SSeS ORR : oly 108 
SSE Hee SUR See mamma See me 102 
: == ——— ZS De Sea mmmie oe bie! (See Al ete 96 
== 223 Sees0 Geesssee5008 ae ae 90 
BE SSS eo a=: = Sea SREEues — - 4 
SSS SS Sear | dT ET [eit Ee SR ae -'- 78 
peste Sapa eac ae 2S SS) 35) BS 716 
3 4S =e : SHU ilo 71 te 
srt op 66 
=e 6]5 
60 
5/9 
SI = 54 
5/3 
alhe 48 
47 
42 
4}1 
36 
3/5 
Spades SS esses Shoah 30 
2/9 
AS es er a ee Pee Es 2S —I424 
2/3 
=1--+-4-4-4-4-4-f-} ff 18 
2 17 
3 
A 
Ll 
11 
Se 1 : 
= er 5 
[leat ieee = ~ Pra pap papa pata bapetat te 
Sas a dP 
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Moments 


Fic. 7—Moments of inertia of irregular figures. 
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Another graphical method of finding the movements of inertia of 
irregular figures is shown in Fig. 13, by F. H. Hummet (Proc. Brit. 
BOnS Mi B.S: 1000). 

OY is the axis about which the moment of inertia is required, and 

-XOX; is a line at right angles, if possible an axis of symmetry for 
the same reason as in the construction of Fig. 6. Above and below 
OY two lines, AB and CD are drawn parallel to it and situated at some 
exact distance d from it. The axis OY usually divides the length of 
the section KL unequally, and about the best value for d is the length 
of the shorter of these segments OK in the figure. These lines AB 
and CD may or may not cut the section. Next draw a series of lines 
JG parallel to OY across the section, and in each case set off CE=OJ. 
Join EF, and produce if necessary to cut CD in H. Join H to O, 
cutting JG inG. (In this case OH is produced.) Then G is a point 
on the required curve. 

Repeat this for each of the lines drawn across the section for lines 
below OY using the lower parallel AB, and join all the points so 
found by a curve (dotted in the figure). 

Let the total area of this dotted curve= A; then moment of inertia 
of section about OY = Ad?. 

The areas of irregular figures may be found with sufficient accuracy 
for many purposes by the method shown in Figs. 14 and 15, by 
F. Howxrn’s (Amer. Mach., Nov. 14, 1905). 

To find the area of the figure shown in Fig. 14, make a tracing on 
thin paper and fold it along the line 2—2, adjusting it so that the 
areas on each side balance one another, the position when folded 
being shown in Fig. 15, in which, as nearly as may be, area a=area b. 
Next open the tracing and fold it along the line 3—3, again adjusting 
it so that the excess and deficiency areas of the lower half balance 
one another, the result being that each section of the lower half rep- 
resents one quarter of the original area and it only remains to find 
the area of one of these sections and multiply it by four to obtain 
the total area. This can readily be done by adopting the same prin- 
ciple and folding the paper on the line 4—4, making area c=area 
d-+-e and giving the equivalent triangle. 

In the example given the two sides of the triangle measure respec- 
tively 1.85 and 1.30 ins. Instead of multiplying the area of this 
triangle by four we multiply the two dimensions together and then 
multiply by two, which will, of course, give the same result: 


1.85 X1.30= 2.4050 
2.4050+2 =4.81 
=area of original figure. 


The areas of irregular figures may be found by Simpson’s rule 
which, considering its simplicity and accuracy, deserves to be more 
widely used than is the case. The rule is thus expressed by ANTONIO 
Lxrano (Amer. Mach., March. 4, 1909): 

Divide the base into an even number of equal parts, and determine 
the ordinates at the points of division. Form the sum of the end 


ordinates, four times the intermediate even ordinates, and twice the . 


intermediate odd ordinates. 
distance between two consecutive ordinates. 
required area. 

The indicator card, Fig. 16, will serve as an illustration of the use 
of the rule. The length, 3.5 ins., has been divided into 14 equal 
parts and the intercepted or enclosed ordinates, when measured, 
have been found to have the lengths (ins.) marked in the figure, 
the value of the right-hand end ordinate being zero. The bredth 
3:5 


14 


Multiply this sum by one-third the 
The result will be the 


of each space is therefore and one-third of this, as called for by 


5. £885 
1 Peek 
the rule, is aoe 


oer Loto.+4( 1.40-+1.61+1.46-+.97+.69-+.50+.32) +2 (159+ 
1.52+1.20+.81+.59+-40)) = 04, (0-+4X6.95-+2X6.11) 


The area of the figure is therefore: 
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Poe) 
3X14 
= 3.409 sq. ins. 
The mean ordinate is equal to this area divided by the length of the 
diagram, that is: 


X 40.92 


Sane) 
3:5 


=.974 in. 


2 
Fic. 14. Fic, 15. 
Fics. 14 and 15.—The area of irregular figures. 
& 
| - 
| 
| 
x ny, 
0 2 go W ll 2 BM Ip 
Ire ; 314 Craeel 
Fic. 16.—Simpson’s rule applied to finding the area of indicator 
cards. 


Since in the above we have multiplied the value of the quantity 
within the parenthesis, 40.92, by 3.5 when getting the area, only to 
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divide by it again in getting the mean ordinate, we may omit both 
multiplication and division and find the mean ordinate thus: 
40.92 
ele er 
3X14 
If the scale of the indicator spring is 30 lbs. per in., the mean 
pressure is .974 X 30= 29.22 lbs. per sq. in. 
In the practical application of the rule, it is neither convenient nor 


accurate, when the ordinates have to be determined by actual 


74 ins., as before. 
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measurement, to measure every ordinate separately. The best way 
to proceed is to mark on the edge of a long piece of paper, in succes- 
sion, all the even ordinates, then measure the distance between the 
first and the last mark, and multiply the result by 4. Similarly 
for the first and last ordinate, and for the odd ordinates, : 
A more common method of finding the areas of indicator cards is to 
divide the card into strips (usually 10) as with Simpson’s rule, 
estimate the mean ordinates by the eye, add these mean ordinates 


Fics. 17 to 22.—Wiener’s method of finding the area of irregular figures. 
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by a strip of paper as described, and divide the sum by ro. The 
most accurate method of locating the mean ordinate is to lay a thread 
horizontally across the top of each strip, equalizing the triangular 
areas between thread and curve and thus locating the mean 
ordinate. 

A. E. Wiener’s graphical method of finding the areas of irregular 
jigures, which when published (Amer. Mach., May 19, 1898) was 
received with the warmest expressions of approval, is illustrated in 
Figs. 17-22. The complete explanation in connection with Fig. 17 
leads to a multiplicity of lines and to an apparent complexity 
which is apparent only. The real simplicity of the method will be 
apparent from a glance at Figs. 18 and 19 which include all the lines 
drawn in actual applications. 

A horizontal line AB, Fig. 17, is drawn at a convenient distance 
from the area to be measured, and a vertical line CD is placed at 
such a point as to approximately bisect that area (this is not to say 
that the line CD shall be about half way between the ends of the 
given figure, but that it shall divide it into two parts of nearly equal 
contents). Next a number of vertical lines are laid across the figure, 
close together in regions where the width of the figure undergoes 
rapid changes, and farther apart where it varies but gradually. At 
the right of CD these lines are drawn from the horizontal AB upward, 
while on the left hand they are extended some distance below it. 
The width CD is then laid off from o (the point of intersection of 
CD with AB) to both the right and the left, giving two points o’ 
upon AB, for both of which the condition oo’ =CD is fulfilled. For 
all ordinates at the right-hand side of CD, the respective widths of 
the irregular figure are similarly laid off on AB to the right, and for 
the ordinates on the left hand of CD they are swung over to the left; 
thus, for instance, 11'=EF; 99’=GH, etc. In this manner the 
points, 1 2°33" 15’ upon AB are obtained. With o’ as 
center, an arc is drawn from o to half-way between ordinates 0 and 1; 
this arc is continued with 1’ as center to midway between ordinates 
rt and 2, at which point the center is again changed to 3’, and so on 
to the last ordinate 8, when the point (8) is obtained, the length 8, 
(8) being the end value marked Z2. The latter is combined with the 
other end value 15, (15) marked Z; constructed in the same manner, 
into a right-angled triangle (8), 8, @. From J a line is drawn at an 
angle of 45 deg. with 4B, and MK made equalto M (8). Theareaof 
the square KLMWN thus found, having sides of 13} ins. length, is 
2.54 sq. ins., while the given plane, accurately measured by means 
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of a planimeter, was found to contain 2.55 sq. ins., these figures for 
the planimeter being the average of 5 careful measurements. The 
result obtained by the graphical method, consequently, differs from 
the actual area by an amount of only 4-10 of 1 per cent., and could 
have been approached still closer if a greater number of ordinates had 
been taken. 

While Fig. 17 has all the construction-lines dotted in for sake of 
explanation, in practice neither the quadrants determining the 
centers 1’, 2’, etc., nor the radii of the arcs forming the auxilliary 
curve need be shown, all that is necessary being to draw the ordinates, 
mark off the corresponding centers by means of a pair of dividers, and 
by the use of a compass find directly the lengths of the end ordinates, 
the geometrical mean of which (found by transforming the right- 
angled triangle having the end-values as sides into an isosceles right- 
angled triangle having the same hypothenuse) is the side of the 
required square. 

In Figs. 18 and 19 two examples are executed in this manner, 
showing more strikingly the simplicity of the method. In Fig. 18 
the horizontal axis cuts across the given figure, being placed through 
the point in which the bisecting ordinate leaves the figure; and in 
Fig. 19 advantage is taken of the shape of the area, and the axis 
placed in one of its boundaries. Figs. 18 and 19 also show the differ- 
ence in effect of putting the bisecting ordinate to the right, or left, 
respectively, of its accurate position, in the former case the left-end 
value being greater than the right and the square found being some 
distance to the right of the given figure, while in the latter case the 
right-end value is greater than the left end, and the irregular figure 
is overlapped by its square of equal area. 

Trial diagrams composed of straight lines, semi-circles, and quad: 
rants which could be easily checked by calculation, as in Fig. 20, 
have been treated by this method with the result that the error 
seldom equals } per cent. The error due to the displacement of the 
middle ordinate depends on the shape of thecurve. Ifits height is 
uniform for some distance each side of the bisecting ordinate, as in 
Fig. 21, the error due to displacement of that ordinate is slight, 
while if a large change in this height occurs at this point, as in Fig. 22, 
the error is greater. The error due to the displacement of the meet- 
ing points of the arcs also varies with circumstances. If these arcs 
meet at a considerable angle, the error due to displacement of the 
meeting point is considerable, but if the arcs are more nearly tangent, 
this error is less. 


STRENGTH OF MACHINE PARTS 


For the strength of shafts, see Shafts. 
For the strength of springs, see Springs. 
For the strength of steam boilers, see Steam Boilers. 


In a large percentage of cases the formulas for the strength of 
parts have but an indirect application in machine design. 


In the design of a bridge, a roof or a warehouse floor, the ability of 
the structure to carry the load is the chief requirement, and to insure 
that it shall do this with safety, even under accidental strains, a 
factor of safety is introduced; and although the name has been often 
criticised, it nevertheless represents with a fair degree of accuracy 
the state of the designer’s mind in making the calculations. 


In treatises on machine design the same term is used to express 
the ratio between the actual working strain and the strain which 
would produce rupture, although there is and can be no such con- 
ception in the machine designer’s mind in making the calculations. 
In such parts, for instance, as connecting-rod bolts, straps and keys, 
the stresses under the working loads will often be found to run down 
to 3000 lbs. per sq. in., while in engine frames the stresses seldom 
exceed 500 lbs., and will frequently run down to 300 lbs. per sq. in. 
With steel of 60,000 lbs. tensile strength, the figure for connecting- 
rod parts is equivalent to a factor of safety of 20, while for engine 
frames, cast-iron being assumed to have 20,000 Ibs. tensile strength, 
this goes up to 4o and 70 for the two stresses named. Now, it is 
certain that no designer of such parts has any conception of a factor 
of safety, as that term is commonly understood, in his mind when 
he proportions these parts for such stresses, and the term “factor 
of safety” in this connection is absurd. 


The purpose of the designer in introducing these low stresses is 
not to provide a surplus of strength for accidental stresses, but to 
provide such a degree of stiffness that the parts will not yield unduly 
under the regular loads of everyday work. He has, in fact, very 
little thought of strength in the sense of ability to resisit rupture, 
his whole thought being to make the structure so rigid that the de- 
flection under the working load shall be inappreciable, or at any 
rate so small as to do no harm. From this point of view the great 
surplus of strength is rational and understandable, while from the 
factor of safety standpoint it can not be defended. 


A strictly scientific method of machine design would base the 
dimensions on the formulas for deflection rather than on those for 
the ultimate strength of the parts. In using the formulas for strength 
as he does, the designer practically converts them, in a rough and 
ready way, into formulas for stiffness, which is but the reciprocal 
for deflection, and so far as methods go, this is probably as far as 
we shall ever get or as it is practicable to get in most cases. That 
the allowable deflections under any considerable number of the in- 
finite variety of conditions prevailing in machine construction will 
ever be determined is not to be expected. 


Beams and Columns 


The standard formulas for the strength of beams and for the usual 
section factors, as arranged by the Carnegie Steel Co. are given below: 
Let A=area of section, sq. ins., 

J=length of span, ins., 


TABLE 1.—STRENGTH OF THE CHIEF MATERIALS OF MACHINE 


CONSTRUCTION 
Ap : Elastic 
Modulus of elasticity | Ultimate strength | eetroageh 
Material 5 
AOS GS Torsion Tension Shear gees Shear 
compression sion 
Cast-iron (Cu- | { 10,700,000 | 4,000,000 16,000 | 16,000 | | 8,000| 8000 
pola). \ 15,000,000 | 6,000,000 20,000 20,000 { 
Cast-iron (Adri |e. winters enero ieee BOsO00!| 5 herd cesiso erepatel ieee 
furnace). Ie cae | ee eee Ne orem peer spall taste ca liore cca on 
Wrought-iron. . 28,000,000 |T1,000,000 f 47 000)\' 35,000: (iain awe) > eeeearee 
il OOO OCI! Mose an ase-.onc 
Steel .15 carbon} 30,000,000 |11,800,000 60,000 | 45,000 MOK OXON 5 6c 4 
Steel .25 carbon} 30,000,000 |11,800,000 70,000 | 52,000 AS OOO so oe 
Crucible steel} 31,000,000 |12,100,000 TOOVOOOL ayaa 75,000 
(high carbon). 
Steel castings. .] 30,600,000 |11,800,000 f 50,000)||ZOsO00). Hl cine enna eee 
\ 100,000 603000" |[ee aa lees 
Copper castings] 12,000,000 }.......... DEGOO Veo 3a a 6;000)Rvaeers 
Copper, rolled. 1£6,000,000%)\|> ne ererc eos: if 28. SOO Gey vie co tere etorece date eee ‘ 
l 33)0007|. da nuctaa oll apap eee 
Brass cast., yel. T1+400,000Nlp ae rasariee e 22 OO. O's, see sues) shallot atl eee 
Brassicasts, yele, (= 12,800,000min acer eee 28 5OO |e onereveire a a1] eletecee elt een 
red. 
Gun-metal..... ES<A00,;000 (0 Oe ciate 42,806): Ne ateee (ee eee eee 
Phosphor=t gf it. concer seen |e eae eee 57. OO OnISeiepaxcer 245 OOO lnpeerate 
bronze. 


The ultimate strength of cast-iron in compression is 90,000 to 
100,000 lbs. per sq. in. Its elastic strength in compression can be 
assumed as 25,000 lbs. per sq. in. The ultimate compressive 
strengths of the other materials can be taken as equal to their ulti- 
mate tensile strengths without appreciable error. 


TABLE 2.—SHRINKAGE OF CASTINGS 


2031 in. per ft. 
.1875 in. per ft. 
-1718 in. per ft. 
.0625 in. per ft. 


ErOM pipes. dacs, fcchs shaver decree Oe ne -I25 in. per ft. 
Tronigirdersiand Mibeams ae acre. helene Anica cee ane .100 in. per ft. 
Iron large cylinders, contraction of diameter at top...... .625 in. per ft. 
Iron large cylinders, contraction of diameter at bottom.. .083 in. per ft. 
Iron large cylinders, contraction of length.............. -0904 in. per ft. 
Brass, thin sy cncp erro eee ee eee .167 in. per ft. 
Brass), Chichen: sahmaeterccaccreee ite eet ea ee .I50 in. per ft. 
CODDEE Sorc lec natu terete are Ee ee .1875 in. per ft. 
BIST CI a coca viesr eens oie ay A ee He -1563 in. per ft. 
TiGa dese ace che Ae EO Ra ene ee .3125 in. per ft. 
Zinc 


die Sait: Lire “Weelrean “agente ee ape Ee aan eco ey a eee .3125 in. per ft. 
W =load uniformly distributed, lbs., 
M =bending moment, lbs. ins., 
h=height of cross-section, out to out, ins., 
n=distance of center of gravity of section, from top or 
from bottom, ins., 
f=stress, Ibs. per sq. in. in extreme fibers of beam, either 
top or bottom, according as m relates to distance from 
top or from bottom of section, 
D=maximum deflection, ins., 
I=moment of inertia of section, neutral axis through center 
of gravity, 
Z’=moment of inertia of section, neutral axis parallel to 
above, but not through center of gravity, 
d=distance between these neutral axes, 
S=section modulus, 
v=radius of gyration, ins., 
E=modulus of elasticity, for steel 29,000,000; 
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STRENGTH OF MACHINE PARTS 


I 
‘hen: S=-, real 
wie 
M= n =fS, 
Mn M 
Pies 
pets. 
In l 
Win_ WI 
f=" sr =35° 
I’=I+<Ad?, 
eh d 
= 848! or beam supported at both ends and uniformly 
loaded, 
PI 
D= 48ET for beam supported at both ends and loaded 


with a single load P at middle, 


TABLE 3.—BENDING MoMENTs AND DEFLECTIONS OF BEAMS UNDER 
VARIOUS SYSTEMS OF LOADING 


I=moment of inertia 
E=modulus of elasticity 


W =total load 
?=length of beam 


(1) Beam fixed at one end and (2) Beam fixed at one end and 
loaded at the other. uniformly loaded. 


OD OOOOOD OPO OOPOYO 


Safe load = } that givenin tables. 
Maximum bending moment at 


Safe load=? that given in tables. 
Maximum bending moment at 
point of support=W/1. 


Wil 
: oint of-support = —. 
Maximum shear at point of sup- eas uP 2 


port=WV. Maximum shear at point of sup- 
: Wis t=W. 
Deflection=—- verde 773 
3EL | D fl ctl = Wh 
| Defiec ae EI 


(4) Beam supported at both ends 
and uniformly loaded. 


(3) Beam supported at both ends, 
single load in the middle. 


Safe load= 3 that given in tables. Safe load=that given in tables. 


4\1 


v13 
D=-ay- for beam fixed at one end and unsupported at 
the other and uniformly loaded, 
Pie 
D=- ser for beam fixed at one end and unsupported at 


other and loaded with a single load P at the latter end. 


Explanation of Tables of Safe Loads for I-beams 


Table 7 for I-beams gives the loads which a beam will carry safely 
(distributed uniformly over its length) for the distances between 
supports indicated. These loads include the weight of the beam, 
which must be deducted in order to arrive at the net load which the 
beam will carry. 

For beams of heavier sections than those calculated in the tables, 
a separate column of corrections is given for each size, stating the 
proper increase of safe load for every additional pound in the weight 
per foot of beam. The values given are based on a maximum fiber 
stress of 16,000 lbs. per sq. in. 

It has been assumed in these tables that proper provision is made 
for preventing the compression flanges of the beams from deflecting 
sideways. They should be held in position at distances not exceed- 


TABLE 4.—MOoMENT OF INERTIA, J, AND SECTION Muputus, S, FOR 
USUAL SECTIONS 


For methods of finding moments of inertia of irregular section see Moment 
of Inertia. 


Sections | I sy 

Bae bhs bh? 
2 \ 2 ae a 

iN Pe. 2 

k-b-a4 


Maximum bending moment at) 
Ww 
middle of beam= 


Maximum shear at points of sup-) 
port= 3. 
“ps 


Deflection = 48ET 


Maximum bending moment at 


middle of beam= = 
Maximum shear at points of sup- 
port=3W. 
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Deflection = 76.8 EF 


(s) Beam supported at both ends 
single unsymmetrical load. 


Safe load=that given in tables 


x ia 
8ab 
Maximum bending moment under 


load= 
Maximum shears; at support near 
Wb Wa 
are at other support = 
Wab(2l—4) \/4a(2l—a) 


Max. 
deflec. oF Il 


(6) Beam supported at both ends 


two symmetrical loads. 


Safe load=that given in tables 
1 
avr 
Maximum bending moment be- 
tween loads= 4Wa. 
Maximum shear between load 
and nearer support= 3W. 


ye hogs her 
Max. deflec.= 48EI (3/?—4a?). 


‘See: 
vs eu Min _ bh 
ret 36 24 
Mba 
Be leee: 
ee ee: Tic 
pein ae 
_xd* nas 
TM 32 
=.0491 d4 0982 d3 
_ bhe—b'h' I 
Sie 5h 


I =.o491 (d*-d’*) 


_b'n3+bn's-(b-b')a8 
3 


_ he -2b "h’3 


I2 


xx denotes position of neutral axis. 
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TaBLE 5—MOoMENTS OF INERTIA OF RECTANGLES. AYBIOM ur asvarUt |O MH OARE NCO YOM TT TT 
q] AlsAeo IOJ ppy| - cpbiay = ffaeniss, 5 e rece 
| a ewe | Reetccs tees os 
Neutral Axis nm nO eee i ; : ae : 
JYBIOM UT VSBaIOUT | 400 MA HO DOD EEOC’ Ow 
‘q] AtoAo IO} PPV] - 5 : 
Depth | Width of rectangle in ins. = ee SSR SER SSS TS SSeaRR 
in ins. | 4 os g ne 3 2 § é St Se MA AHH HH HHH : 
6 4.50 5.63 6.75 7.88 9.00] 10.13 II.25 oO ae TO} ppY| NUNN OOS 5508 
7 ES 8.93 TOL72 12.51 I4.29 16.08 17.86 & 
8 10.67 13-33 16.00 18.67 23.33 24.00 26.67 e ee cg ONS DOA MOE OS 
9 15.19 18.98 22.78 26.58 30.38 34.17 37.97 n x0. Om DtMMAANANHHHHHH HA 
10 20.83 | 26.04 | 31-25 | 36.46 | 41.67 | 46.87 | 52.08 | IYBIOM UT PSPOIOUT |HON AMO TMAHOORQIWAS 
2) TohimBcveawrORe nga e we a a Ge a Sao 
8 
II Pf 34.66 | 41.59} 48.53 55-46 | 62.39 69.32 Z 1 HO TTHOAMORONOD SSID 
I2 36.00 45.00 54.00 63.00 72.00 81.00 90.00 2 = ee I OTOL 
13 45.77 57.21 68.66 80.10 91.54 | 102.98 | 114.43 O “S he Pied ter CO GN QUG MASA ish 
14 57.17 71.46 | 85.75 | 100.04 | 114.33 | 128.63 | 142.92 S MoM wee TOMA Meee eae oS 
I5 70.31 87.89 | 105.47 | 123.05 | 140.63 | 158.20 | 175.78 a ‘QP <AIOANS) JOT DPI h aie ee are ee ke Cami eee 
q 
f A ee ms . 2 - wg [SA@BnnsSuas Fasand 
I 5.33 | 106.67 | 128.00 | 149.33 | 170.67 | 192.00 | 213.33 Se Sel IG ia eee ee eee 
17 102.35 | 127.94 | 153.53 | 179.12 | 204.71 | 230.30 | 255.89 . = 
18 sia aKo) || adsadateess |i hsaery | Pade | oy eieCoy || Mymiaetsnl| eOengio a - “4y ut sjtoddns NO RO ACH AM+INS RO OOH 
19 142.90 | 178.62 | 214.34 | 250.07 | 285.70 | 321.52 | 357.24 -] . |ueemjzoq soueysiq ag eh iene palace | 
20 TOOs07 4205-3301) 250500") 205.6705 3 38036) 375 00m 410.07, & od 
© 4, | {YSIOM UT BSBEIOUT|YMOO MH ADO MTMAG HHO 
a o|- MAN NH HHH HHH HHH 
2I 192.94 | 241.17 | 280.41 | 337.64 | 385.88 | 434.11 | 482.34 ay ese oie! LaUNy met ress é ey 
22 221.83 | 277.20 | 332.75 | 388.21 | 443.67 | 499.13 | 554.58 Srp eS g [POMS IRamosse esa ses 
23 253-48 | 316.85 | 380.22 | 443.590 | 506.96 | 570.33 | 633.70 e ie bo 42 WADADNOSCHHHtH¢d¢mMmM 
24 288.00 | 360.00 | 432.00 | 504.00 | 576.00 | 648.00 | 720.00 ©) & SE | 
25 325.52 | 406.90 | 488.28 | 569.66 | 651.0 2.42 | 813.80 Ho ‘qyursyioddns |mMormacHAMTMHO nD ADH | 
) 4 732.4 3 - 2 weemyeq sourysIq HHH HHH HHHHAN 
aH Hn 
i o 
26 366.17 | 457-71 | 549.25 | 640.79 | 732.33 | 823 88 | 915.42 “A § | yYBIom UI oseoIOUT| OM NOMTMANHHOOADQDOM 
27 410.06 | 512.58 | 615.09 | 717.61 | 820.13 | 922.64 |1025.16 q Bil qy Axakon dor PP wel pyaar ae ee IOI OLOSOLNS | 
28 457-33 | 571.67 | 686.00 | 800.33 | 914.67 |1029.00 |1143.33 io} 6 RSISESINIGIOIDISGs 
20 508.10 | 635.13 | 762.16 | 889.18 |1016.21 |1143.23 |1270.26 a a = ng MRARVADMONMMN OD RHE 
30 562.50 | 703.13 | 843.75 | 984.38 |1125.00 |1265.63 |1406.25 sy 8 = = Se NoOoOMMMHtHt tM MM | 
< z ZYBIOM UT esRaIOUT| VO ANOMTHMANHHOODQAD i 
i H HHH HHA HH } 
31 620.65 | 775.81 | 930.97 |1086.13 |1241.30 |1396.46 |1551.62 3 % ChgeBercey coriolis Set boo oi Gh eo AS | 
32 682.67 | 853.33 |1024.00 |1194.67 |1365.33 |1s36.00 |1706.67 Ja Ss = . (OI QRTO TON CANO MHRA HOT | 
33 748.69 | 935.86 |1123.03 |1310.20 |1497.38 |1684.55 |1871.72 a Sy Wee 2s See eee ae tNoMmMO tM 
34 818.83 |1023.54 |1228.25 |1432.96 |1637.67 |1842.38 |2047.08 EL, g Ee = ae SN 
35 893.23 |1116.54 |1339.84 |1563.15 |1786.46 |2009.76 |2233.07 = BH ZYBIOM UI VSE9IOUTIO TMH O QM NONTIMMAAHHH | 
8 2 fray Azeao “30q DD Vee oo eine ein a ee a 
36 972.00 |I215.00 |1458.00 |1701.00 |1944.00 |2187.00 |2430.00 age ao, AOD ADADDAtATFARDHHAO | 
37 1055.27 |1319.09 |1582.90 |1846.72 |2110.54 |2374.35 |2638.17 Z Pe] cr mes Base fees eae [ 
— H i] 
38 II43.17 |1428.96 |1714.75 |2000.54 |2286.33 |2572.13 |2857.92 a 3 = & eet eee egee ee ot a nen i 
39 |1235.81 |1544.77 |1853.72 |2162.67 |2471.62 |2780.58 |3089.53 Be Z = o3 ABS TASC MAMD DORIS BAS | 
40 |1333.33 |1666.67 2000.00 |2333.33 |2666.67 |3000.00 |3333.33 & y Se ADEM TEMAN HSS AGQAW OO 
ee aes a! 
iS} 
i i i rs ad “4y ut syzoddns KE 
ing twenty times the width of the flange, otherwise the stress allowed 8 * lusomyaq oouessiq VALS A Aenean es 
should be reduced as per Table 6. 5 2 I 
Fl “eh JYUBIOM UL BSE9IOUL|MOMO +t+MAHO AD oe | 
I I I +t 
ax 6.—B Bt a |'ot dss 20g ppy | 22 880 SS ae oe ee 
ABLE 6. EAMS WITHOUT LATERAL SUPPORT nS 
H § DrtITMODNMNHODOQARDO FAMRMAATOM 
° ; Q- ag HH TAOTPHRANRSOHOS AH THOMA 
Tencthtof beam Proportion of tabular load forming Se *2 |Stasauns Beteoddnnee Scacee 
greatest safe load Aa oi ———— 
| a MOEeroanrndntawo ~~ 
; A | oe BMAD OPFORODOS OOS dea Se 
20 times flange width Whole tabular load 5 7) OR |SMOMRMtAHOOUH ROG METMOMA A a 
ti Al idth 9 & Im MMMANANANNANHHHHHHHHHHHRR 
30 times flange widt to. tabular load iS! < THOHMRARDTFHARMO NOHO NO HOH 
gered Perera - & RAS BECO Ses ONS ES AION ON QOD SIO OO AKOTE ORES 
4 s flange wi zo tabular load = |EMCeMMHQMONdMAHOOOQDONNGSH 
5 F; ” n TIEYTMMMMANANANAANAAAQAHHHHHHHH 
50 times flange width zo = tabular load qa qyB1em ut esvarout|oo tuo 
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=, yore NSE ce ee DS ESyee Ren ch Mae a Be IONICS Se 
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5 ° a 5 Alar " ere = Bolt Sa Bt ae eA NNAHHHHH 
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[colic oho) rs 
to be used. le ws DDN AASSSORGNAORER BONIS BSE 
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TABLE 8.—DEFLECTION COEFFICIENTS FOR I-BEAMsS GIVEN IN 


64THS OF AN INCH 


Wochicient index|= Distance between supports in ft. 
6 8 ro | I2+ 14 | 16 18 20 22 
Ce Ss. 38.1} 67.8/105.9|152.5| 207.6] 271.2] 343.2/423.7|512.7 
(CAA 29.8] 53.0] 82.8|119.2| 162.2] 211.8] 268.1/331.0/400.5 
Coefficient index Distance between supports in ft. 
24 26 28 | 30 Be 34 36 38 40 
th Ss. 610. 2/716.1 aoe 1085 .0/1225.0/1373.0/1530 |1605 
Ges: 476 .6|559.4|648 .8)744.8| 847.4] 056.6/1073.0|/1105 |1324 


Figures given opposite C. S. and C.’ S. are the deflection coefficients for 
steel shapes, subject to transverse strain for varying spans under their maxi- 
mum uniformly distributed safe loads, derived fram a fiber stress of 16,000 
and 12,500 respectively; the modulus of elasticity being taken at 29,000,000. 

To find the deflection of any symmetrical shape used as a beam under its 
corresponding safe lead, divide the coefficients given in the above tables by 
the depth of the beam. This applies to such shapes as I-beams, channels, 
Z-bars, etc. 


Example: Required the deflection of a r2-in. I-beam, 31.5 tbs., 20 ft. 
span, under its maximum uniformly distributed safe load of 9.59 tons, as 
given in Table 7. The above tables give 423.7 as the deflection coefficient; 
dividing this by r2 gives 35.3 as the required deflection in 64ths of an in. 

For deflections due to different systems of loading see Table 3. 
for plates on the tension flanges, the area of two 4-in. rivet holes 
having been deducted from the area of the latter plate. The section 
factors from the table are to be added to the section factor of the 
beam, and the sum to be multiplied by the allowable fiber stress to 
obtain the safe bending moment in lb-ins. for the girder. 

Example: A 15-in. 42-lb. I-beam is to be reinforced with a §-in. 
plate on each flange. What will be the safe bending moment in 
Ib.-ins. to allow upon the girder, the fiber stress to be 12,500 lbs. 
per sq. in.? 


From Table ro of properties of I-beams, the section 


factor or modulus of a 15-in. 42-lb. beamis............... 58.9 
From Table 9 the section factor of the 3-in. compression 

iate tote S-Il TA 2D DEAN IS. 0. oceeds oem scmsececs 25500 

BEI REGE SENG LEM SIONSHAN EG... foie -i 5 vives Fi seve ma.e acs 18.58 
Metal sectionmactor fOr sirder.... 70st eae cess FORE39 


Then 103.29 X12,500=1,292,375 lb.-ins. for the allowable bending 
moment upon the girder. 

The chart, Fig. 2, applies to beams with or without cover plates 
and for any bending moment and fiber stress. 

The small chart in the upper corner is to be used with the short 
row of bending moments at the left. The letters a, b,c andd denote 
the position of the plates, whether on the tension or compression 
flange, according to the figure in the lower corner. 

Example: A bending moment of 1,292,375 lb.-ins. is to be taken 
by a beam at a fiber stress of 12,500 lbs. per sq. in. Required the 
size of beam and cover plates. The nearest bending moment on the 
chart is 1,300,000. Follow the line from this to the diagonal line 
for 12,500, thence up, and read the size of beam and plates as I5- 
in., 42-lb. beam with two 3-in. cover plates. 

Neither Mr. Blake’s table nor chart take into account the necessity 
for supporting long beams against lateral deflection. For the allow- 
ances to be made in such cases, see Table 6 for beams without lateral 
support 


Explanation of Tables 


On the Properties of Carnegie Standard and Special I-beams 
Table ro on I-beams, is calculated for all weights to which each 
pattern is rolled. 
Columns 12 and 13 give coefficients by the help of which the safe, 
uniformly distributed load may be readily and quickly determined. 
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TABLE .g—SECTION FacToRS OF REINFORCING PLATES FOR J-BEAM 


Section factors 
Width of Depth | Weight Light figures for tension members 
plate in of of Heavy figures for compression members 
ins. beam beam Thickness of plate 
sin. % in. $ in. 2 in. 
8.67 Ir.64 14.54 
45 10 25-30 
5-64 153 9.41 
9.42 12.55 15.72 
10 —40 
5 St! 6.32 8.43 10.57 
II .32 15.05 18.20 
12 1}- 
5 313735 Pan Siri 10.58 Ayn Ge) 
11.82 15.85 18.30 
12 te) 
st oi 8.17 10.89 14.02 
12.14 16.15 20.35 
12 
st 45 8.72 IIl.29 14.08 
Tos 7, 16.55 20.71 
12 Cy 
54 S 8.80 Tr.76 ATS 2, 
sf os 35 12.68 16.85 pe seA 
9.02 I2.04 15.08 
3 : os 15.03 20.65 25.91 
$3 S Ge Tas 10.91 14.59 18.58 
TS. 12 27.25 26.60 
5 oO 
i ze 2 Dro, 15.04 18.83 
53 ng nebo 15.22 21.45 27.11 
EDa se 15.49 19.73 
6 15 Grave 16.92 22.56 28.37 
I2.32 16.44 20.59 
7.60 23.71 29.32 35-38 
6 3 ay 
: 5 Ue PSs 17.65 22.09 26.51 
64 he S028" 18.33 24.47 30.63 36.82 
DS 72 18.35 23.00 27-57 
8.63 24.87 31.23 37.48 
6! = I 
; 2 DR 14.52 18.80 23.80 28.48 
63 i es 20.28 25533 31.74 37-74 
14.57 19.25 24.10 29.08 
6 33.87 40.07 
6 18 —6 cafes iS 
Sse 19.74 24.59 29.65 
8.46 35.23 42.44 
6 18 2 
: ae 20.85 20.09 B30 
6 = 39.13 47.09 
: 29, Se 29.00 34.86 
83 48.92 
63 20 —80 oases 
: US 30.59 36.77 
7 20 85-90 A350 ae 
S37, 40.44 
76 
1 6 8 45.40 54.7 
7% 2 95-1 35-61 42.80 
63.25 
fe 2 80-8 
: 48.44 
64.45 
2 o- 
78 4 90-95 Kone 
‘ 65.56 
74 24 100 | vere 


To do this, it is only necessary to divide the coefficient given by the 
span or distance between supports in feet. 

If a section is to be selected (as will usually be the case) intended 
to carry a certain load for a length of span already determined on, 
it will only be necessary to ascertain the coefficient which this load 
and span will require and refer to the table for a section having a 
coefficient of this value. The coefficient is obtained by multiplying 
the load in pounds uniformly distributed by the span length in feet. 

In case the load is not uniformly distributed, but is concentrated 
at the middle of the span, multiply the load by 2 and then consider 
it as uniformly distributed. The deflection will be ry of the deflec- 
tion for the latter load. 

For other cases of loading, obtain the bending moment in lIb.-ft. 
(the most common cases are given in the table of bending moments 
and deflections). This multiplied by 8 will give the coefficient 
required, 

If the loads are quiescent, the coefficients for fiber stress of 16,000 
Ibs. per sq. in. for steel may be used; but if moving loads are to be 
provided for, the coefficient for 12,500 lbs. should be taken. Inas- 
much as the effects of impact may be very considerable (the stresses 
produced in an unyielding, inelastic material by a load suddenly 
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Fic, 2,—Strength of reinforced I-beams. 
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TABLE 10.—PROPERTIES OF I-BEAMS 
By the Carnegie Steel Co. 
Weights in heavy print are standard, others are special. 
I 2 3) 4 5 6 vf 8 (6) 10 It 12 13 14 15 
Mom. ct : Radius of : Coefficient) Coefficient pace 
Mom. of.| inertia | Radius of - Section center to 
: : gyration of strength| of strength 
inertia | neutral | gyration modulus center re- 
: , neutral | axis co- neutral mectral neutral eS ee quired to 
Section Depth | Weight | Area of | Thick- | Width ete ed aA “ _ | axis coin- : _ | stress of | stress of esha eos 
‘ of beam,] per ft., | section, | ness of lof flange,| °*'S P&T] MC oa aa ee ident ieee mki6r000 Ibsy|ra1S CONG emi sae ella eae 
index ; . ; ; Done! Dendicu-| with dicular eH ndicular ‘ , s . | of gyration] index 
ins. lbs. sq. ins. |}web, ins.! ins. P pee ar | with cen- | °° per sq. in. | per sq. in. Sy 
lar to center to web ; to web equal 
; ter line of Used for Used for 
web line of | at center at center ee 
web buildings bridges 
at center web 
I Te r y’ SF (. (G4 
100.00 29.41 754 7.254 | 2380.3 48.56 9.00 1.28 198.4 2,115,800 | 1,653,000 Gp, eye 
95.00 27.94 -602 T LO? 2300.6 47.10 9.09 ik ee KO! LOZ 5 2,052,900 | 1,603,900 17.99 
Br 24 90.00 26.47 631 Monat |as23oi.,T 45.70 9.20 Tasn 186.6 1,990,300 | 1,554,900 18.21 Bex 
85.00 25.00 .570 7.070 | 2168.6 44.35 9.31 Teo 180.7 1,927,600 | 1,505,900 18.43 
80.00 a3<32 .500 7.000 | 2087.9 42.86 9.46 1.36 174.0 1,855,900 | 1,449,900 18.72 
100.00 20.41 884 7.284 1655.8 52.65 7 SO 1.34 165.6 1,766,100 | 1,379,800 14.76 
95.00 27.94 .810 7.210 | 1606.8 50.78 Wisissss Tao. 160.7 1,713,900 | 1,339,000 I4.92 
Be 20 90.00 26.47 737 537° | rss7 8 48.08 7.07 t230 155.8 1,661,600 | 1,298,100 I5.10 B 2 
85.00 25.00 663 7.063 1508.7 a 25 main ree 7 150.9 1,609,300 | 1,257,200 15.30 
80.00 23.73 600 7.000 | 1466.5 45.81 7.86 ¥.39 146.7 1,564,300 | 1,222,100 15.47 
75.00 22.06 640 6.309 | 1268.9 30.2 7.58 sai eof 126.9 1,353,500 | 1,057,400 14.98 
B 3 20 70.00 20.50 575 6.325 1219.9 290.04 7.70 I.19 I22.0 1,301,200 | 1,016,600 P52 ish 
65.00 19.08 500 6.250 | 1169.6 27.86 7.83 Teor 117.0 1,247,600 974,700 15.47 
70.00 20.50 719 6.2590 921.3 24.62 6.69 I.09 102.4 I,091I,900 853,000 13.20 
B80 18 65.00 I9.12 637 6. £77 881.5 23.47 6.79 Poke 97.9 1,044,800 816,200 13.40 B80 
60.00 17.65 555 6.0905 841.8 ON HO 6.01 Tes 93.5 997,700 779,500 13.62 
55.00 15.93 .460 6.000 705.6 ee) 7.07 Tens 88.4 943,000 736,700 13.95 
100.00 29.41 1.184 6.774 900.5 50.98 ESC rage I20.1 1,280,700 | 1,000,600 10.75 
B4 15 95.00 27.94 085 6.675 872.9 48.37 5.59 a3 2: 116.4 1,241,500 969,900 10.86 B4 
90.00 26.47 .987 Ousr7 845.4 45.91 5.05 Tee Ele 47 1,202,300 939,300 10.99 
85.00 25.00 8890 6.479 817.8 43-57 Bae ey} 109.0 I,163,000 908,600 Tiliee Hs) 
80.00 23.81 810 6.400 795.5 41.76 5.78 Dea2 106.1 I,131,300 883,900 i125 
75.00 22.06 . 882 6.202 601.2 30.68 5.60 i718 92.2 983,000 768,000 10.05 
Bs 15 70.00 | 20.50 784 | 6.104 | 663.6 29.00 5.68 1.19 88.5 943,800 737,400 TTT B5 
65.00 I9.12 686 6.006 636.0 27.42 ray I.20 84.8 904,600 706,760 II.29 
60.00 17.67 .590 6.000 609.0 25.96 5.87 tet Sire 866,100 676,600 II.49 
55.00 16.18 656 5.746 5II.0 17.06 5.62 LO? 68.1 726,800 567,800 II.05 
B 7 15 50.00 oe ite BS 558 5.648 483.4 16.04 STS I.04 64.5 687,500 537,100 eee By 
45.00 13.24 .460 5.550 455.8 I5.00 5.87 TOT 60.8 648,200 506,400 rr 54 
42.00 12.48 410 5.500 441.7 14.62 5.95 1.08 58.9 628,300 490,800 1r.70 
55.00 16.18 822 5.612 321.0 17.46 4.45 I.04 eles 570,600 445,800 8.65 
B8& 1 50.00 VAST T 609 5.480 303.3 16; 12 4.54 I.05 50.6 539,200 421,300 8.83 B 8 
45.00 13.24 Sr 5.366 285.7 14.89 4.65 1.06 47.6 507,900 396,800 9.06 
40.00 11.84 460 5.250 268.9 TQeOr 4.77 1.08 44.8 478,100 373,500 9.29 
Bo 12 35.00 10.29 436 5.086 228.3 10.07 Hb pst .99 38.0 405,800 317,000 9.21 Bo 
31.50 9.26 350 5.000 215.8 9.50 4.83 I.Or 36.0 383,700 299,700 9.45 
40.00 11.76 749 5.099 158.7 9.50 3.67 90 Sie 7 338,500 264,500 7.12 
Biri Io 35.00 10.29 602 4.952 146.4 8.52 Beil .O1 290.3 312,400 244,100 Tse Bir 
30.00 8.82 455 4.805 134.2 7.65 3.90 -93 26.8 286,300 223,600 Gia 
25.00 7.37 310 4.660 x22. 1 6.89 4.07 OF 24.4 260,500 203,500 7.91 
| 35.00 10.29 732 Aaqae 111.8 HaBe 3.29 84 24.8 265,000 207,000 6.36 
Br3 | 9 30.00 8.82 569 | 4.609 | ror.9 6.42 3.40 85 22.6 241,500 188,700 7.58 Br3 
25.00 | 7.35 406 4.446 91.9 5.65 Re eA . 88 20.4 217,900 170,300 6.86 
21.00 6.31 290 | 4.330 84.9 5.16 3.67 90 18.9 201,300 157,300 7.12 
25.50 7.50 541 A275 68.4 Pe 3 3.02 .80 BG oe 182,500 142,600 5.82 
Bis 8 23.00 6.76 .449 | 4.179 64.5 4.39 3.09 81 16.1 172,000 134,400 5.96 Bris 
20.50 6.03 357 4.087 60.6 4.07 mE ay) noe Lebpeyes 161,600 126,200 6.12 
18.00 E33: 270 4.000 56.9 3.78 3.27 84 14.2 I51,700 118,500 6.32 
20.00 5.88 458 3.868 42.2 3.24 2.68 74 DPA 128,600 100,400 Bilas 
Bx7 7 17.50 5.15 353 3.763 39.2 2.94 2.76 7 TH. 2 II9,400 93,300 Roi Br7 
15.00 4.42 250 3.660 AG?) 2.67 2.86 .78 10.4 110,400 86,300 5.50 
17.25 5.07 475 B57 20.2 Gee 0) ge 68 8.7 93,100 72,800 4.33 
Bro 6 14.75 Heth 352 3.452 24.0 2.00 ae a .69 8.0 85,300 66,660 4.49 Bro 
12.25 3.61 230 | 3.330 21.8 1.85 2.46 72 73 775500 60,500 4.70 
14.75 4.34 504 3.204 T52 186 9a Bes7 63 (oleh: 64,600 Oy 5 OO | ereneee nn ieee | 
Bar 5 12.25 | 3.60 357 3.147 13.6 1.45 1.94 63 5.4 58,100 AS ACON lt eee Bar 
9.75 2.87 210 3.000 £255 1.23 2.05 .65 4.8 51,600 40,300: |... eRe er 
10.50 3.09 410 2.880 Ghee TOM 1 4 Sy) B10) 38,100 ZOV SOO lero nstek ment 
B23 4 9.50 2.79 337 2.807 O27 .93 1.55 .58 3.4 36,000 29, LOOw | werner ote ae B23 
8.50 2.50 2603 2.733 6.4 85 1.59 .58 Sue 33,900 SOOO wel wtencteie es 
7.50 2.21 190 | 2.660 6.0 a7 1.64 59 3.0 31,800 24, 000M center eater 
7.50 Gi ON . 361 2 abet 2.9 .60 tits oe, 1.9 20,700 165200. Pens sa ccntens 
B77 3 6.50 1.91 .263 | 2.423 2.7 53 1.19 Be 1.8 19,100 HEPOOWY Ha, caulyosw B77 
5.50 1.63 170 2.330 as .46 ne23 a5 3 stad 17,600 19,800 Jar ees 
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applied being double those produced by the same load in a quiescent 
state), it will sometimes be advisable to use still smaller fiber stresses 
than those given in the tables. In such cases the coefficients can 
readily be determined by proportion. Thus, for a fiber stress of 
8,000 lbs. per sq. in. the coefficient will equal the coefficient for 16,000 
Ibs. fiber stress divided by 2. 

The section moduli are used to determine the fiber stress per sq. 
in. in a beam or other shape, subjected to bending or transverse 
stresses, by simply dividing the same into the bending moment ex- 
pressed in lb.-ins. e 

Column 14 gives the distance c.t.c. of beams, making the radii 
of gyration equal for both axes. 

These tables have all been prepared with great care. 
mations have entered into any of the calculations, so that the figures 
given may be relied upon as accurate. 

Example: What section of I-beam will be required to carry 
40,000 lbs. uniformly distributed, including its own weight, over a 
span of 16 ft. between supports, allowing a fiber stress of 16,000 lbs. 
per sq. in.? 

Answer: The coefficient required = 40.000 X 16 = 640,000. 

In Table ro of Properties of I-beams, look in column 12 for the 
nearest number corresponding to 640,000 which is 648,200. There- 
fore the beam to be used is 15 in. 45 lbs. 


No approxi- 


5 
4¢-107.95 4" ] 


Pattern 


= 

Ge LS x 7.9. MM! 

194-19,054¢ - 937. 67.15 MM 1113/19, 05! 

1 6.354 ™ 5 i 
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| 6136 ™M 


10 Pipe cope’ 


10 Pipe bored with vent holes 


20 Pitch, U.S,form of Thread 
Steel, Tensile 


Tle 4 


H-2"to 8-4 


33g 
B=Width of pull section, should not 
bein excess of 234” 

t = Thickness of pull section 


Note:-BX¢ should not exceed 1sq.in, 
ye ey | for the ordinary tensile testing 


a Be 2 a machine, f f 
Grey Iron, Tensile Flat Strips, Tensile 


+0937 
Hole 


Alternate Stress 


Fic. 1.—A. S. T. M. standard test specimens. 


Beams of uniform strength for stakes of rivetting machines and 
similar structures may be laid out by the aid of Figs. 3, 4 and 5, 
which were originally developed at the Bement-Miles works of the 
Niles-Bement-Pond Co. (Amer. Mach., Feb. 21, 1901). The charts 
were designed especially for steel castings in which the compressive 
strength is about six-fifths of the tensile strength and, except in the 
case of beams of circular cross-section, the dimensions obtained from 
them always provide stresses in this ratio. 

Instructions for use: 

For full circular sections with a fiber stress of 10,000 lbs.: Read 
the load in tons of 2,000 lbs. on the right or left-hand scale and the 
length of the lever in ft. on the top or bottom scale of Fig. 3. Follow 
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TABLE 11.—SAFE Loaps UNIFORMLY DISTRIBUTED FOR RECTAN- 
GULAR SPRUCE OR WAITE PINE BrAms 1 In. THICK 
By the Carnegie Steel Co. 

To obtain the safe load for any thickness: Multiply values for 1 in. by 
thickness of beam. 

To obtain the required thickness for any load: 
I in. 

This table has been calculated for extreme fiber stresses of 750 tbs. per sq. 
in. corresponding to the following values for Moduli of Rupture recom- 


mended by Prof. Lanza, viz.: 


Divide by safe load for 


Spruceand white pines +. eee aes 3900 tbs 
OMe soccsre tical ore ot tee sXe Gate ett Ee ea 4000 tbs 
Vellore: Dine sc cates Sec ecers ent so Renee co Cap a heme 5000 Ibs. 


For oak increase values in table by }. For yellow pine increase values in 


table by 3. ue é . 
The safe load for any other values per sq. in. is found by increasing or 
decreasing the loads given in the table in the same proportion ‘as the 


increased or decreased fiber stress. 


Span in Depth of beam 
ite (eu te git 9” TOs. arate ta! fae TA 4 rs 16/’ 
—si_ 

5 600 | 820 |1070 |1350 |1670 |2020 |2400 |2820 |3270 |3750|4270 
6 500 | 680 | 890 |r120 |1390 |1680 |2000 |2350 |2730 |3120/3560 
” 430 | 580 | 760 | 960 |1190 |1440 |1710 |2010 |2330 |2680/3050 
8 380 | 510 | 670 | 840 |1040 |1260 |1500 |1760 |2040 |2340|2670 
9 330 | 460 | 590 | 750 | 930 |1120 |1330 |1560 |1810 |2080/2370 
Io 300 | 410 | 530 | 670 | 830 |r1or10 |1200 |1410 |1630 |1880|2130 
II 270 | 370 | 490 | 610 | 760 | 920 |1o090 |1280 |1490 |1710/1940 
I2 250 | 340 | 440 | 560 | 690 | 840 |1000 {1180 |1360 |1560|1780 
I3 230 | 310 | 410 | 520 | 640 | 780 | 930 |1080 |1260 |1440|1640 
I4 210 | 290 | 380 | 480 | 590 | 720 | 860 |rorIo |1170 |1340|1530 
I5 200 | 270 | 360 | 450 | 560 | 670 | 800 | 940 |1090 |1250\1420 
16 190 | 260 | 330 | 420 | 520 | 630 | 750 | 880 |1020 |1180/1330 
17 180 | 240 | 310 | 400 | 490 | 590 | 710 | 830 | 960 |1100/1260 
18 170 | 230 | 290 | 370 | 460 | 560 | 670 | 780 | 910 |1040/1190 
I9 160 | 210 | 280 | 360 | 440 | 530 | 630 | 740 | 860 | 990/1130 
20 I50 | 200 | 270 | 340 | 420 | 510 | 600 |} 710 | 820 | 940/1070 
Br 140 | 190 | 260 | 320 | 390 | 480 | 570 | 670 | 780 | 8090/1020 
22 I40 | 190 | 240 | 310 | 380 | 460 | 540 | 640 | 740 | 850] 970 
23 130 | 180 | 230 | 290 | 360 | 440 | 520 | 610 | 710 | 810] 920 
24 I30 | 170 | 220 | 280 | 350 | 420 | 500 | 590 | 680 | 780] 890 
25 120 | 160 | 210 | 270 | 330 | 410 | 480 | 560 | 660 | 750] 860 
26 II0 | 160 | 210 | 260 | 320 | 390 | 460 | 540 | 630 | 720] 820 
27 IIO | I50 | 200 | 250 | 310 | 370 | 440 | 520 | 610 | 690] 790 
28 IIO | 140 | 190 | 240 | 300 | 360 | 430 | 500 | 580 | 670] 760 
20 110 | 140 | 180 | 230 | 290 | 350 | 410 |! 490 | 560 | 6401 740 


the lines from these readings to their intersection and find the re- 
quired diameter of the section on the diagonals. 

For any section of Fig. 4 with a tensile fiber stress of 10,000 and 
a compressive fiber stress of 12,000 lbs.: Multiply either load in 
tons or length of lever in ft. by the value of factor X for the section 
as given in Fig. 4 and proceed as before. The result given by F ig. 
3 is the diameter D of the various sections of Fig. 4. The section 
may then be laid out by the proportional figures for the section se- 
lected. The value of D and the cross-section are to be determined 
for a sufficient number of points on the stake, the same proportional 
figures being used throughout the length of the stake, except that 
it should be noted that Fig. 4 will give the cross-sections at different 
points in the length of the stake or beam strictly according to the 
law of the cubic parabola. When nearing the top of the stake it is 
desirable to use heavier sections from Fig. 4 in order to reduce the 
diameters at these sections and also to avoid thin ribs which could 
not be cast in steel. 

For any other tensile fiber stress than 10,000 lbs.: Multiply 
either the load in tons or the length of lever in ft. by 10,000 and 
divide by the desired ‘tensile fiber stress and proceed as before. In 
the resulting beam the compressive fiber stress will always be equal 
to six-fifths of the tensile stress. 

Example: Find the dimensions of section 3 of Fig. 4 for a riveter 
stake at a point 8 ft. below the dies. The pressure on the dies is 
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Fic. 3.—Beams of uniform strength. 


7o tons and the tensile fiber stress is not to exceed 8,000 lbs. The 


; . 100 . 
value of section factor X for section 3 is oa and, performing the 
multiplication, gives: 


ey, 
oxi 
OE 


190000 


8000 eat 


Finding this load at the right and the length, 8 ft., at the top of 
Fig. 3, we find at the intersection of the lines through these points, 
284 ins. as the value of D for the section. 

The use of Fig. 4 for various methods of support and of loading is 
self-explanatory. 

The Hodgkinson section of cast-iron beams with heavy tension 
and light compression flanges proportional in accordance with the 
widely differing ultimate strengths of the material in compression and 
tension, is now believed by many machine constructors to be funda- 
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mentally wrong when applied to machine parts. The case against 
it is well made out by Jas. Curistie (Proc. Engrs. Club of Phila., 
1907) as follows: 

This form of beam was largely adopted, and took precedence as 
long as cast-iron was used for beams in structures. We find that 
the same method of reasoning influenced the machine designer in 
disposing of cast-iron to seeming advantage in the construction of 
machines, massing the metal to resisit tension, and permitting high 
unit stress on metal in compression; and especially is this observed 
in machines of the open-jaw or gap type, such as presses, punching 
and shearing machines, etc. 

I believe that usually the unit stresses should be little, if any, 
higher in compression than in tension, for the following reasons: 
In machinery rigidity or stiffness is usually the chief consideration; 
many machines do not fulfil the intended purpose properly, not by 
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“ — 100 i 100 
No, 1.Section, ew No, 2 Section, X= ie No. 3,Section, X= fae No, 4 Section, X: ae 


=100 No, 6 Section, X= z 
62.5- 


No. 5 Section, 


. = ecti = 100 = 100 
ion, X=10 No, 14 Section, X=100 No, 15 Section, X=100 No, 16 Section, X 1 


No, 21 Section, X21 No, 22 Section, X= 100 No, No. 


No. 


. 30 Section, X= 100 
No. No. 30 Section Cr 


Fic. 4.—Sections of beams of uniform strength. 


TABLE 12—ULTIMATE STRENGTH OF HoLLow RouND AND HOLLOW 
RECTANGULAR CAST-IRON COLUMNS 
By the Carnegie Steel Co. 


Ultimate Strength in Lbs. per Sq. In.: 
Round Columns Rectangular columns 


Square bear- Pin and Square bear- Pin and 
ing square Pin bearing ing square Pin bearing 
80000 80000 80000 80000 80000 80000 
(121)2 3(12l)2 (12l)2 3(121)2 9(121)2 3(121)2 
I+ 800d? I+ 160042 'T good? I+” 3200d2 1+ 6400d2 I+ 600d? 


1 =Length of column in ft. : ~ 
d= External diameter or least side of rectangle in ins. 


Round columns Rectangular columns 
Ultimate strength in lbs. Ultimate strength in lbs. 

2 per sq. in. per sq. in. 
q Square Pin and Pin Square Pin and Pin 

bearing square bearing bearing square bearing 
I.0 67,800 62,090 58,820 70,480 66,520 62,990 
Tad 65,690 60,300 55,730 68,790 64,260 60,300 
Tor 63,530 57,000 52,690 67,000 61,940 57,000 
BES 61,340 54,930 49,740 65,140 59,600 54,960 
I.4 59,140 52,310 46,900 63,260 57,270 52,320 
aS 56,940 49,770 44,200 61,350 54,960 49,760 
£6 54,760 47,300 41,630 59,450 52,080 47,300 
Deg 52,620 44,940 39,250 57,550 50,460 44,960 
1.8 50,530 42,670 36,930 55,670 48,300 42,670 
1.9 48,490 40,510 34,790 53,800 46,230 40,510 
2.0 46,510 38,460 32,790 51,940 44,200 38,460 
2.1 44,600 36,520 30,920 50,160 42,260 36,520 
2.2 42,750 34,680 29,180 48,400 40,400 34,680 
2.3 40,980 32,940 27,540 46,670 38,630 32,050 
2.4 39,280 31,310 26,030 44,990 36,930 31,310 
2.5 37,650 | 20,770 24,620 43,390 35,310 29,760 
2.6 36,0900 28,320 23,300 41,820 33,770 28,320 
2.7 34,600 26,950 22,070 40,320 32,310 26,050 
2.8 33,180 25,670 20,930 38,870 30,920 25,670 
2.9 31,820 24,4060 19,860 37,470 29,600 24,460 
3.0 | 30,530 23,320 18,870 36,120 28,340 23,320 
Same | 29,310 22,250 17,940 34,830 27,150 22,250 
3-2 28,140 21,250 17,070 33,580 26,030 21,250 
Pg, 27,030 20,300 16,260 32,390 24,060 20,300 
3.4 25,970 19,410 I5,500 31,240 23,940 19,410 


Take Full Load, if 


Y/, Beam kept at one End, Load at other End 


Y 


Take % of the Load, if 


Beam kept at one End, Load equally distrib’d 


z+ Take % of the Load, if 


Beam supported at both Ends, Load Central 


SSS % of the Load, if 


Beam supported at both Ends, Load equ’y distrib'd 


Y, 


Take } of the Load, if 


Gi 


Beam rigidly kept both Ends, Load Central 


Yj Take Y,, of the Load, if 


“/) GZ be 
’ Beam rigidly kept both Ends, Load equ’y distrib’d 


Fic. 5.—Loading and supporting beams. 


failure through fracture, but by a want of sufficient stiffness. Deflec- 
tion has to be limited, and when that is done, breaking from excessive 
tension is sufficiently guarded. Remembering that cast-iron yields to 
compression, as much as with the same unit stresses it yields to ten- 
sion, it follows that the compressive stress should not exceed the ten- 
sile strength per unit of section if it is desired to dispose a given mass 
of metal with least deflection. It is believed that Tupture sometimes 
occurs in a machine apparently through tension, where the origin 
of the weakness could be traced to a want of material to sufficiently 
resist compression, the improperly supported tension side severing 
by cross-bending or transverse stress. 

Taking for illustration an open-gap machine with frame as illus- 
trated in Fig. 6, tension at T and compression at C, if the section 
is so shaped that compressive unit stress is six times that of the tensile 
unit stress, then, elastic moduli being equal, the frame will yield at 
C six times as much by compression as it does by tension at T. 
This permits an oscillation of the mass at T around its center. If 
this oscillation becomes dangerous, by extent or frequency, the frame 
will break by cross-bending at the mass T, giving the impression 
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TABLE 13.—SaFeE Loans In Tons OF 2000 LBs. For Hottow Rounp Cast-IRON CoLuMNS 
By the Carnegie Steel Co. 
Weight, 
: : ‘ it; ; Sec- 

Outside diam.,| Thickness CN carer eas tional Ne: 
nee ah hall columns per 
m meta: 8 10 12 14 16 18 20 22 24 area ee oh 4 

Tons Tons Tons Tons Tons Tons ‘Tons Tons Tons ae length 
6 $ 26.2 23.0 201 V7.5 TS<2 13.2 Te Seay | Se petty ote yated lec er caer mn 8.6 26.95 
6 i Sins 33.0 28.8 25.0 21.7 18.9 TOic Sia Bl eeee eee hy home toe oes 12.4 38.59 
6 t 42.7 37.6 2.8 28.5 24.7 21.5 TSK Sid (Poa ce cur ee Melee aoe I4.1 43.96 
6 I 47.6 41.9 30.5 31.8 27.6 24.0 DT OMe eye ek, Hie ees een 15.7 49.01 
6 1% B22 46.0 40.1 34.8 30.2 20103 BOUL Wee seiwaer cents erasers Sonueeae 7g 53.76 
7 i Aa7 43.1 Beis 34.3 30.4 26.0 23.9 21.2 18.9 14.7 45.96 
7 S Orar Bee 49.3 43.8 38.9 34.4 30.6 he as | ey ee 18.9 58.90 
7 Ig 67.2 60.8 54-3 48 42.8 37-9 33.7 29.9 26.7 20.8 64.77 
8 i 57.9 53.3 48.6 44.1 39.7 358 32.2 28.0 26.1 17.1 53.29 
8 ® 74.6 68.7 62.5 56 5I.a 46 41.4 Biss 33.6 22.0 68.64 
8 1} 89.9 82.8 75-5 68.4 Orn 7 55-5 49.9 44.9 40.5 20.5 82.71 
9 Fy 68.1 63.6 58.9 54.2 49.6 45.2 41.2 3705 Baar 19.4 60.65 
9 I 88.0 82.3 76.2 70.6 64.1 58.4 53.2 48.4 44.1 Dee 3 78.40 
fe) 1; 106.6 99.6 92.2 84.8 77.6 70.8 64.4 58.7 53-4 30.4 94.94 
re) 1% 123.8 1p ee | TOF 08.5 00.1 82.2 74.8 68.1 62.0 35.3 I10.26 
9 1} 139.6 130.5 120.8 TaN Cee I01L.6 92.7 84.4 76.8 69.9 39.9 124.36 
Io I IOI.4 95.9 89.8 83.6 Ghrpat| eT 65.8 60.5 55.5 28g 88.23 
bao) re 123.3 TIG.S 109.1 Ior1.6 94.1 86.8 79.9 73-4 67.5 34.4 107.23 
Bae) 13 143.7 135.8 127.3 118.5 109.7 IOI.2 93.2 85.6 nkeiaty| 40.1 124.99 
10 1} 162.7 153.8 144.1 034.0 124.2 II4.6 105.5 97.0 89.1 45.4 141.65 
II rt 114.8 1090.4 103.5 9763 91.0 84.8 80.2 aa O77 31.4 98.03 
Ir 1} 139.9 Yes3 126.1 118.6 I10.9 103.3 97.8 89.4 82.5 38.3 119.46 
II 1} 163.5 155.9 147.5 138.6 128.7 120.8 114.3 104.1 96.4 44.8 139.68 
Il rz 185.7 Bak ds pean 167.5 Sis 147.3 T37i-2 120.8 118.3 109.5 50.9 158.68 
Ir 2 206.6 196.9 186.3 P75 ok 163.8 152.6 144.4 Teja 121.8 56.6 176.44 
Ez I 128.0 122.9 117.2 III.0O 104.7 08.4 92.2 86.1 80.4 34.6 107.51 
¥2 1; 156.4 150.1 143.1 135.7 127.9 I20.2 112.6 I05.2 98.2 4262 131.41 
12 13 183.3 D759 167.7 159.0 149.9 140.9 132.0 Magee Tans t 49.5 154.10 
12 It 208.7 200.4 I9I.0 181.1 170.7 160.4 150.3 TAGES I3I.1 56.4 175-53 
I2 2 232.7 223.4 213.0 201.9 190.4 178.9 167.6 156.6 146.1 62.8 195.75 
13 I I4I.2 136.3 130.7 124.7 118.5 LL20T 105.8 99.5 03.5 STiay TE 75S 
13 1} 172.8 166.8 160.0 152.7 145.0 Xo Tere 129.4 121.8 II4.4 46.1 143.86 
13 1} 203.0 195.9 187.9 179.3 170.3 161.1 152.0 143.1 134.3 54.2 168.098 
13 1? 231.6 223.6 214.5 204.7 194.4 183.9 Wigs TOZ73 ESSas 61.9 192.88 
13 2 258.9 249.9 239.7 228.7 21733 205.5 193.9 182.5 171.3 69.1 215.56 
14 I 154.3 1490.6 144.3 138.5 TS 2S T2550 II9.5 bap ie Hedy & 106.8 40.8 127.60 
14 ri 189.2 183.4 176.9 160.7 162.2 154.4 146.5 138.6 131.0 50.1 156.31 
14 1} 222.6 215.8 208.1 190.7 190.8 181.7 E72e3 163.1 I54.1 58.9 183.67 
14 13 254.4 246.7 237.9 228.3 218.1 207.6 197.0 186.5 176.2 67.4 210.00 
14 2 oe 284.8 27652 266.4 255.6 244.2 232.4 220.6 208.8 197.2 75.4 235.12 

| 

re I 167.4 162.9 157.8 ES 20 146.0 130.7 £3303 126.8 120.4 44.0 137.28 
I5 13 205.5 200.0 193.7 186.7 17953 17-5 163.6 I55.7 147.9 54.0 168.48 
15 1} 242.1 235-7 228.2 220.0 21 Te2 202),.1 192.8 PS3geS 174.2 63.6 198.74 
Is 12 277.2 269.8 261.3 251.9 241.9 ae awd 220 nz 210.1 199.5 72.9 227.45 
I5 2 310.8 302.5 293.0 282.5 Ark a 259.5 247.5 235.55 223.6 SL7 254.90 


Fic. 6.—The case against the Hodgkinsen section. 


that more material is needed to resist tension, whereas the fact may 
be that more material should be placed at C to prevent excessive 


yield by compression. 


Nov. 25, 1909). 


Flat Plates 

The strength of flat plates in accordance with the formulas of Gra- 
shof and the experimental researches of Professor Bach may be 
determined from Table 16 by EucrnE MeEssneR (Amer. Mach., 


E=modulus of elasticity. 
p=uniformly distributed load, Ibs. per sq. in., 
P=total load acting at a point or over an indicated area, lbs., 
s=fiber stress due to bending, lbs. per sq. in., 
d=dellection, ins. 


dimensions of plates in ins. 


In these formulas 
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TABLE 14.—SAFE LoADS FOR RECTANGULAR WOODEN PILLARS 
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TABLE 15.—SAFrE Loaps IN Tons OF 2000 Las. FOR SQUARE WOODEN 
PILLARS BY THE CARNEGIE STEEL Co. 


(SEASONED). By the Carnegie Steel Co. 
Yellow pine (southern)| White oak | White pine and spruce 
II25 O25 800 
Seah aa | 2 P 
‘100d? ae at r100d? | *T Tro00d? 


/= length of pillar ins. 
d= width of smallest side ins. 
These formule give safe loads of one-fourth the ultimate strength 
for short pillars decreasing to one-fifth the ultimate for long pillars. 


Ratio of length Safe load in lbs. per sq. in. of section 


to least side | | a ieee 
l | Yellow pine | oe al ite pine 
d | (southern) Wye Oa Ie and spruce ‘ 
12 | 905 818 707 
14 955 785 679 
16 913 75° 649 
18 869 715 618 
20 825 678 587 
22 781 642 556 
24 738 607 525 
26 697 575 495 
28 657 541 467 
30 619 509 440 
32 583 479 414 
34 549 451 390 
36 516 425 367 
38 487 400 340 
40 458 377 326 


Regarding the accuracy of the formulas Professor Bach’s tests 
have demonstrated that the strength of the plates depends much 
on the fastening or support at the edges, the spacing of the bolts 
(for flanges, etc.), the forces exerted by those bolts (making a more 
or less elastic joint), the gaskets, the character of the tightening 
surfaces, etc. 

The formulas assume the supports to be as shown—a rigid support 
being truly rigid and the plate rigidly fixed to it—conditions that 
seldom obtain in practice. 

These formulas hold good within the limit of elasticity only. The 
rupturing loads cannot be found from them, this being doubly true 
in the case of ductile materials, such as boiler plate. With such 
materials the bulging under pressure leads to the formation of spher- 
ical surfaces and the destruction of the fundamental conditions on 
which the formulas are based. The formulas have been unjustly 
criticised because they do not agree with the results of tests carried 
to destruction, but such criticisms are based on a fundamental 
misunderstanding of the formulas. 

Plates of much size made of ductile materials begin to bulge under 
moderate loads, leading to a change in the fundamental conditions 
even within the elastic limit, and, with such materials, the formulas 
have less application as the diameter increases. The formulas are 
most applicable to brittle materials (cast-iron) for which there is no 
reason to suppose that they give other than the true fiber stresses 
within the elastic limit. If, with such materials, they lead, as they 
often do, to apparently excessive thicknesses, that should be taken 
as an indication that crowned and not flat surfaces should be used 
whenever possible and that, when flat surfaces must be used, they 
should be ribbed. 

Ribbing should be done judiciously, as otherwise it may do harm 
and not good. With narrow, and especially with shallow, ribs the 
concentration of stress on the edges of the ribs may be an added 
source of danger. Also, with cast-iron plates the ribs should, if 


Unsupported wy, 
length of Size of pillar in ins. 
column in 
ft. 6X6 | 8X8 | 9X9 |1oXIoji2 X12/14 X 14/16 X16 
White pine or spruce 3 
6 ED SO event: Saal aeeaucs eal Keeterekoacired los etek melt ogtenel ed aae e 
8 its Oy Af 4 DOA tke sooo Hs 
Io TOPOOW=2T 33 ele2OeOn 35 5a eee (oR ees 
I2 Oetyall sos | AOnR | BQnG I Siow foo 
14 8546) 18-40) 247 3ir50.1 840), 08 Con On| aaa 
16 Hexxel aay || Oeruh | Zen s5 WAG) || OPO || O2.c 
LS amie ot Beye | AG, || ones baa | OAs |) SS.6 
20 Sees oll else eas) || MOG | 425 || OF.6 || SE.2 | 
22 wotere cif Gist] LOs Gaile 24h 7a AOn ssh On Sal mG one mmm 
24 22.9 | 38.2 | 57-0 | 79-4 
: White oak | 
6 14; 80l. ook ee ee | 
8 Ue ENC) LOG I Sls CM lines al | 
Io 1 Foy) AN) |} BRU | Mie) les ooals oo no- 
12 TRAC! WA || BOort |! Boost | GOvie looooes 
mail Olay Saves | Perch || AO | SOo@) || BoA | os ooo 
16 8.64| 19.5 | 20.5 | 34.6 | 54.0 | 77.8 | 105.08} 
Ig = Poe e| Lyon Pl yh | eeenk tit |) lis || TORS 
20 ecocucl H0n6 || Wey || Book || A. | Gar. 8 98.5 | 
22 Mei | AIM | Aware || CS.2 04.7 | 
ZY Naga ME |RSS coal An 3, st 26.4 | 43.9 | 65.5 | 90.9 | 
Yellow pine (southern) 
6 eC Ron Ree Mal at Se 
8 WZ | BASH AMO hs conc alle | 
10 WAM! OCG) |! BO).20 | SOr@ ooo coc: veel 
12 Mighe cil) P7fete? || OO) 4) CUP |) FASS Ilo gana a, 
I4 TUN || Mey || Vee ia? || Coa || Gs. || see 
16 MOS a il Bee) | Cea IOS. || Gui © || 22S 
18 2s |, 2028 4) BOLO 3625 Il) OZR Onl oo. zaman 
20 Stee) 10nd 2728) 137.0} SO. Sal SOnommenso ] 
22 gwar see yoy | SiO Ose) || CQO |) ig 
24 lopecealpooosalsosooal G52 | 68.8 | Sone | ann 


possible, be on the compression side in order to take advantage of the 
greater strength of that material in compression than in tension. 

Calculation of the strength of ribbed plates is scarcely possible, 
judgment and precedent being the chief guides and a free use of 
material the only safe course. 


Combined Tension and Shear 


The combination of direct tension or compression with shearing 
stresses may be made by means of Fig. 7, by E. R. Doucrass (Amer. 
Mach., July 10, 1902). 

Among the cases covered by the chart are those of shafts transmit- 
ting power and at the same time carrying heavy weights or acted on 
by overhung cranks and the like. The actual maximum stress at 
any point will be greater than that due to either the torsion or the 
bending alone, and will be exerted in a direction different from either. 

Suppose the stresses to be combined are a tension T acting per- 
pendicularly to the plane of a shearing stress S, these values express- 
ing intensities, such as lbs. to the sq. in. For convenience the 


j 


left-hand half ofthe diagram is plotted for = to be used when S is 


less than T, and the right-hand half is plotted for . to be used when 


S is greater than T. Then, P being the maximum resultant tensile 
stress and Q being the maximum resultant compressive stress, at 
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TABLE 16.—STRENGTH AND DEFLECTION OF FLAT PLATES 


Shape and fastening of ; ion i 
late Maximum fiber stress due to bending Coefficients See Coefficients Remarks 
For cast-iron max- 
rd Re Cast-iron $= .8 R41» Cast iron ¢=0.17 | imums in center, 
2 Steel $¢=.45—.5 go BE for steel at circum- 
ce ference. 
$=0.438,, log as Fe IEA O Use Naperian loga- 
r ; BE rithm for s. 
Ss Cast-iron¢=1. 2 R‘ p Cast iron ¢=.6 Maximum s in cen- 
s= $y? Steel o=.67—.75 d=$-5Xh ter. 
ya NT Cast-iron ¢=1.44 R2P Cast-iron $= .4—.5 
s=$(1- 3p 2 =O & 
jf af 
iy toe p Cast-iron $=1.34 isa | 
SS irciens Steel o= .84 ¢ for steel esti- 
= 7 mated. 
r Poa 
BSNS 
oe a a3 8+4n2+ 3n! P Cast-iron ¢=.76 a 
USS S= PZ +ent+3nt 2 : i 
ini: She | 
_@ 
ee Pp Cast-iron $= 2.26 area 
FF $ js I+n? Steel p=1.41 @ for steel esti- 
tl mated. 
S+4n2+3n4 P Cast-iron ¢=.85 Le 
S= 9? s4ant+ant" 2A ee i 
iS 2 Cast-iron ¢= .38 ¢ for steel esti- 
SS $B4 2X2 Steel p= .24 : mated. 
Bb Pe Cast-iron ¢=2.63 
SSOSaa rest 
B+? 12 
MSs pee B*b? xP eee ¢= oe ¢ ck a esti- 
= PH he 2 ZS 5 : 
7 2 Usk ee ¢ 3 mate 
| Bb P Cast-iron $= 3.0 
(et epee 
Bee 
Yaw i 
RB? Cast-iron ¢= .19 ¢ for steel esti- 
< QE? s=¢ “p ? Steel g= .12 mated. 
rBo - 
| . 
S$ | : os s independent of 
[+] 9 P ee He Casttzon = i534 B. Deflection 
Bal Yy 2 only varies. 
B2 Cast-iron ¢= .28 ¢ for steel esti- 
s= $72? Steel d= .18 mated. 
; s independent of 
ents Cast-iron $=1.5 B. Deflection 
ve only varies. 
tite 9) 4: : PEN ce ees ee 
Ea = ae = .0284 ,,X ormula 1s tor on 
ooo of f=” S=a48 2 Lae field. 
° pig - 
Cast-{ ¢ = .8 
i r bo ef iron | ¢i= .8 Flat boiler head 
=) p “ S=p o, + ¢1 R sr(r4 rR) aS : d ed 
| | Steel = According to stiffness of cylinder or re eee 
K2R4 Y L dr= .33-.38 j 5 
tiveted joint. 
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: Sank ry Q 
right angles to P, the values of the ratios and ¢ ors and S” and of 


the tangent of angle « between P and T may be read at once in terms 

Sen 
of T or Ss 

Had the original stress T been a compression instead of a tension, 
P would have been a compression and Q a tension, « still being the 
angle between P and T. 

As an example of the use of this chart, suppose that in some case, 
as that of the shaft mentioned above, there is found to exist at a 
certain point a tensile stress of 8000 Ibs. per sq. in. and a shearing 


stress of 3600 lbs. per sq. in. in a plane perpendicular to the tension. 


IP 
The ratio = is ones or .45. Consulting the diagram we find a 


8000 


£075. Co 75, and tan «=.38. Then the maximum resultant 


tension P=1.175 X8000=9400 lbs. per sq. in., and its direction 
makes an angle whose tangent is .38, or 20° 50’ with the original 
tension, while there also exists a compression Q, normal to P, of 
value .175 X8000= 1400 lbs. per sq. in. 


i 
15 zl 1.5 

| fe AY | 8 

8 sot 405 Fe) 
g se H 8 
a fF Spe a a % 
8 FH PECrEr o 2 
& 1.01 ) LPS 10 & 

| heal al} | Je 

ola Lae Clin 
8 ECCEEECE eee eer 3 
ae islet Ts i: Ala 
Ss oy 

r os : 
2 5 — 53 
hed Bl = 
4 A rs a 
> cs a Cr > 

Bs &4 JOS) 
SY Fall 
+ Ce — =a 
eed 
caGuanactatatafarars H 
0 as 1.0 
Value of 1.0 5 Tp 0 
Gs Value of 7S 


Fic. 7.—The combination of direct and shearing stresses. 


The material must safely stand a stress of 9400 lbs. per sq. in. in 
the direction found. 
Had the original tension been, for instance, 3000 lbs. per sq. in. 


and the shearing stress 7500 lbs. per sq. in., we would have taken 
IL XeIe\e) 


: S : 5 
acon instead of 7 as in the former case. Corresponding 


ih : iP 
to 5a -4 we find, in the right-hand side of the diagram, F222 


Whence P=1.22X7500=9150 lbs. per sq. in. maximum tension, 
making an angle of 39° 20’ with the original tension. Q=7500X.82 
=6150 lbs. per sq. in. compression at right angles to P. In this 
case the resultant tension is more than three times the original one. 


Punch and Shear Frames 


The strength of cast-iron frames for punching and shearing machines 
formed the subject of experiments by Pror. A. L. Jenkins (Trans. 
A.S.M. E., Vol.32). Model frames were made and tested to destruc- 
tion, test bars being cast with and as part of the frame castings in 
order to avoid assumptions regarding the strength of the iron. 

Although the experiments are not sufficiently exhaustive to 
justify rigid conclusions, they seem to indicate that the following 
statements are approximately true: 
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(a) There is no rational method for predicting the strength of 
curved cast-iron beams suitable for punch and shear frames. 

(b) Of the three formulas suggested for the design of punch frames, 
the well-known beam formula, 


Mc W eG 
SS S aLee ones W (: +55) 


in which S=unit tensile stress, 
M =bending moment =WL, 
c=distance from the center of gravity of .the section to 
the most extreme fiber in tension, 
W =load applied, 
A =area of the section considered, 
L=distance from the line of application of the load to the 
center of gravity of the section considered, 
I=moment of inertia of the section, 
K=radius of gyration. 


is the most accurate statement of the law of stress relations existing 
in such specimens. 


a 
= 


7 


TLL 


Fic. 8.—Correct and incorrect sections of punch and shear frames. 


(c) The stress behind the inner flange at the curved portion is an 
important consideration that should be recognized by the designer. 

(d) There seems to be no definite relation existing between the 
strength of a curved cast-iron beam and the transverse strength of a 
test bar cast with it. 

(e) The Résal and Pearson-Andrews formulas are unwieldy and 
awkward in their application and offer many chances for error. 

According to Wilfred Lewis, punch and shear frames, when made 
with the section shown at the left of Fig. 8, break on the line ab, 
whereas, when made with the section shown at the right, he has 
never known them to break. 


Hoisting Hooks and Lifting Eyes 


The dimensions of hoisting hooks of trapezoidal section may be deter- 
mined from Fig. to by Axel K. Pedersen, analytical expert, of the 
General Electric Co. (Amer. Mach., Dec. 26, 1912). The charts 
are based on Bach’s theory of curved beams. They impose one 
restriction, namely, that the section MN be a trapezoid. Most 
hook sections, especially those of large hooks, can be transformed 
into a trapezoid without serious error by the method shown in Fig. 9, 
which shows in full lines the actual shape of the important hook sec- 
tion, which then is transformed into the trapezoid shown in dotted 
lines. Only a very small reduction of the actual dimension HH, is 
required, it being sufficient that the area aitay is approximately 
equal to the area as, this being done by the eye of the observer with- 
out any refined measurement. The reduced dimension H and the 
increased dimension B are then used in the calculation. In designing 
new hooks, the theoretical dimension H is increased to H; and B 
decreased to By. In calculating, the selected, or actual inner radius 
of the hook, may be used without regard to the change of H. 

The proposed capacity of the hook P in Ibs, being given, we 
select the radius of the inside of the hook, Chart 1, Fig. ro, A, in ins. 
On the chart a table gives the practice of the Pawling & Harnisch- 
feger Co. for this dimension. From these data and the allowable 
maximum tensile stress, s in lbs. per sq. in., we can proceed in the 
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following two ways in determining the dimensions of the important 
hook-section, MN. 


(t) Calculate the dimension B in ins. from 
B=.0225\/P (a) 
To facilitate this calculation, curve No. 1, Chart 2, Fig. 10, was plotted, 


_ giving the values of B for different loads P. As the dimension Di, 
the shank of the hook, usually is calculated from 


D,=.022 s5V. Te 

which is identical with (a), we shall, after transformation, have the 
final dimension B; smaller than Dj, which is considered good practice, 
resulting in easy manufacture. Then select the ratio x=H+A 
from which then 

H=Ax (b) 
Suitable to most cases is x= 2 to 3. 
Calculating the factor C from 


Ss 
C=BH5 | (c) 


we use Chart 1 as follows: Locating C on its scale we trace parallel 
to the ratio z-scale to the curve giving the proper ratio x, thence 
horizontally to the left to the s-scale and read the value z. Then 
b=Bz (d) 
The larger the ratio x is selected the smaller we will get b, which is 
preferable as it tends to keep the weight of the hook reasonably low. 
(2) The second method which can be employed, is the following: 
Select as before the ratio x which then gives 
H=Ax 
Then, calculate the ratio s from 


Saete (¢) 
this relation between z and x usually resulting in good proportions 
of the hook-section. It may, however, be especially noted, that the 
chart can be used for any value of z; in other words, that it is not based 
upon any fixed relation between z and x. Now, locate this value of 
z on the s-scale, trace horizontally to the right to the proper curve 
for the value of x, thence vertically down to the C-scale and read the 
factor C, then 


JAE 
=F (f) 
and 
b=Bz (g) 


For determining the general dimensions of the hook, the following 
relations may serve as a guide: 

D,= .0225\/ P as already stated. D2=.875D:,W =1.5A,h=.75H 
to .goH, Li =2.3A to 2.6A, L2=4.3A to 4.54. 

The calculation of B according to equation (a) is, of course, not 
necessary; however, for the reason above stated, the method gives 
very practical results. In calculating the dimension B or D,; from 
(a) or determining it from curve 1, the nearest size of commercial 
available iron should be used, if the hook is to be forged from round 
bar iron. 

The material for a new hook should preferably be a high-grade of 
iron rather than steel. 

Most steel hooks, if overloaded, break without warning, giving no 
slow visible deflection as is the case with iron hooks, which open up 
gradually before ultimately breaking. 

For hooks made from a high grade of iron and properly heat- 
treated, a maximum tensile stress of 17,000 lbs. per sq. in. may safely 
be allowed. 

To check the capacity of existing hooks, measure the dimensions 
A, H, B and }, using the transformed section as already explained, 
Fig. 9. Then, calculate the ratios x=H+A and z=b+B. Locate 
< on the s-scale of the chart, trace horizontally to the right to the 
curve giving the proper ratio x, thence vertically down to the C-scale 
and read the factor C, then 


=¢s (i) 
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if the capacity of the hook for a given maximum unit stress is required, 
and 


‘= BH #) 
if the unit stress at a given load must be determined. Of course, 
the properties of the material from which the hook was made being 
unknown, the allowable maximum stress should be selected rather 
conservatively, an average value of 15,000 lbs. per sq. in. insuring 
reasonable safety. 


Fic. 9.—Transformation of the actual hook section into a trapezoid. 


It will be observed that the chart gives solutions for all trapezoidal 
sections for values of z=o0, that is, a triangle up to z=1., that isa 
rectangular section. The compression stress at the back of the hook 
at the dimension 0 in no case will exceed allowable limits, even for a 
triangular section. In other words, the hook will fail only if too 
high tension stresses are allowed. 

Examples: Design a hoisting hook of 50-tons capacity, when 
the radius of the inside of the hook A=5 ins., and the maximum 
allowable tensile stress S = 17,000 lbs. per sq. in. 

According to the first method of calculatiug we would have from (a) 


a 


Bi .0225N/ 100,000 7 RES eN Se 
Say B=7 ins., which also could have been determined from curve 1. 
Selecting x= 2.2 we get from (0) 
H=2.2X%5=11 ins. 
Then from (c) 


17,000 
100,000 


C= im = 13.00 ins. 


Hence from (d) 
b=.25X7=1.75 ins. 


Now using Chart 1, we obtain z=.25. 


Using the second method, we would for «=2.2 have H =xA =2.2X5 


=t11 ins.; then from (e) 
I 


fede 2.2 
Hence from Chart 1, C=12.7; and then from (f) 


Z,= 


=.31 ins. 


100,000. 12.7 . 
B= KS = 627 S8iins: 
17,000 “~ 11 
and from (g) 


b=.31 X6.788 = 2.104 ins, 


Thus, the two methods do not give identical proportions of the 
hook section. Whichever is to be preferred depends entirely upon 
the individual judgment of the designer, the aim being to combine 
strength with lightness and good appearance. 

Determine the capacity of a hook of the following dimensions: 
H,=3.125 ins., Bi=1.75 ins.. b=.5 in. and A=1.25 ins. After 
transformation into a trapezoid, we measure H =3 ins. and B=2 
ins., hence 


=== = 3 

= Dieta ce 
and 

ims eS 
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Dimension Dj,,_Ins. 
7 6 5 4 3 2 1 0 


Table for the Dimension A ee = 
P = 5,000-10,000-15,000 -20,000-30,000-40,000 -50,000 120,000. 
Ne 44’ 174 214” 214" 3 " 3 BEY 
P= 60,000 - 80,000 - 100,000 - 120,000 110,000 
Ae $8 EYE RE 5y" 
100,000 
M 90,000 
1.00 Curve No.1 for ee! 
\\ Determining Dano D, 
90 or the ‘Theoretica 70,000 
Dimension B 
-80 60,000 
| 
70 iE 50,000 's 
| Sip 4 
Ps I 
5 60 Nn Vor 40,000 a, 
no Ne NES 
8 .50 ne RIS Chart |2 30,000 
3 % SC rll 
4H =! a 
ace S 20,000 
) | 
3 30 3 Sy 
ak Chart 1 3 ee 
20 =D “ 
: = a 
i 
-10 
0 
10, Lbs 12. 18. 14, 15. 16, Ye 18, 19. 20. 
: Values of Constant C 
Fic. 1o.—Dimensions of hoisting hooks of trapezoidal section. 
Then using the chart we find C=12.925, and allowing a stress of The chart applies to the cases shown in Figs. 14, 15 and 16 and 
5 =16,000 lbs. per sq. in. we get from (/) determines the dimension D in ins., having given A and (for Fig. 14) 
BH 2X3 B in ins., P, the load, in lbs. and s, the maximum allowable tensile 
P= SS =X 16,000 = 7,427 lbs. : . ware : A ae 
G 12.925 stress, in lbs. per sq. in. occurring in the eye. T, Fig. 14, is one-ha 
If this same hook were to be used as a 4-ton hook or for P=8,000 lbs., _ the angle which includes the unyielding part of the eye. For Fig. 
we would have the stress from (7) 16, the angle T =o and for Fig. 15, T=o0 deg. 
PC 8000X 12.925 Calculate the factor: 
S=ay7 7 5G. —~=17,233 lbs. per sq. in. pam? 
Je 
.D, 
iar using the valne m= 2 which was deduced from the experimental tests. 
Locate F on the F-scale and trace parallel to the Z-scale to the 
proper curve among the curves for the sine of T and read the value 
of Z on the Z-scale. Then the dimension D is 
D=ZXA 
To employ the proper curve for the sine of 7, the following rules 
aod must be observed: 
'D! For Fig. 14 calculate the value of sine of T approximately from 
Fic, 11.—Hoisting hooks of circular cross section. sine of T;=the ratio B+ A. 
For Fig. 16: Use the curve, sine of T=O. 
The dimensions of hoisting hooks of circular cross-section may be For Fig. 15: Use the curve sine of T=1.0. 
determined from Fig. 12, also by Mr. Pedersen and, like the preced- Allowable stresses: 
ing chart, laid out in accordance with Bach’s formula. The chart is For the eye: Maximum stress allowed =2 of the elastic limit of 
applicable to any of the hooks shown in Fig. 11. Directions for use _ the iron used. 
will be found below the chart. For the shank: Maximum stress =} of the elastic limit of the iron 
The dimensions of eye bolts and lifting eyes may be determined used. 
from Fig. 13, by Mr. PEDERSEN (Amer. Mach., May 18,1911). The Example: Assume an eyebolt for 60,000 lbs. load, having an inside 


chart is the outgrowth of experiments at the testing laboratory of diameter of eye of 6 ins. Elastic limit of iron used, 30,000 Ibs. per 
the General Electric Co. sq. in. 
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Allowing a stress in the shank =} 30,000 
=10,000 lbs. per sq. in., 
we find the diameter at the root of the thread to be 2. 77 ins., giving 
B=3% ins., U. S. Standard. 
Allowing a stress in the eye = 30,000 
=12,000 lbs. per sq. in., 
the factor F becomes: 


TE 
2 XI 2,000 X 6? 
z 60,000 
=14.4 
Sc ie ee 
Also SiG tA 
Now using the chart, the value of Z is found to be 
Z=.479 
and D=ZXA=.479 X6=2.874 
= 2 ins. 


Giving each of the three lifting tools, shown in Figs. 14, 15 and 16, 
the same dimensions, 4 =6 ins. and D=24, as in above example, 
and denoting the factors F1, fF, and F3 and the loads Pi, P2 and Ps; 
respectively, the relative strength can be ascertained by locating 
Z=.479 on the Z-scale, and reversing the method of using the chart, 
determining the factors F;=14.4 (for Fig. 14), F2=17 (for Fig. 16) 
and F3;=11.45 (for Fig. 15). Then according to formula 
ms A? 


P 


and for equal stresses, we have the proportion: 


Tee cee 
Fy: Fy, Bs= pe ‘Dp, : P, t*3 BL. Oms nes 


or for P=60,000 lbs. (for Fig. 14), we get 


F 
Pi= FP = 51,000 Ibs. 
(for Fig. 16), and 
F 
Po= 7 Pi= 755,500 lbs. 
3 


(for Fig. 15). 

In calculating the shank of the eyebolt, account should be taken 
of any bending action of the load. Even for straight lifts, that is, 
lifts in the direction of the shank, it is practically impossible to avoid 
this bending tendency; only a low stress should therefore be allowed. 
For straight lifts a maximum stress in the shank equal to one-third 
of the elastic limit of the iron may still be considered safe. 

If two or more eyebolts are used in connection with slings, the 
shank is subjected to heavy bending and shoulder eyebolts or a 
suitable spreader should be used, whenever possible. If shoulder 
eyebolts are employed, care should be taken to have the shoulder tight 
against the part to be lifted; this is often neglected. Generally, 
however, straight-shank eyebolts are used and, to avoid accidents, 
stronger eyebolts must be employed than for straight lifts. 


India Rubber 


The stress-strain relationship of india rubber, vulcanized for elas- 
ticity, which is unique among constructive materials, was investigated 
by Dr. R. H. Thurston and is presented in Fig. 17 (Science, 1898). 
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It is a matter of common observation that, when this substance is 
subjected to a pull of steadily increasing intensity, its resistance 
increases, as does that of any elastic and ductile material; but that, 
at the end, instead of suddenly losing power of resistance, or even 
snapping without observable decrease of load, its resistance for a 
time rapidly and largely increases up to the point of rupture. This 
can be readily felt in even the breaking of one of the small bands of 
partially vulcanized rubber so universally employed for filing papers 
and other purposes. At the end of the period of, extension the 
resistance rises so rapidly as to produce the sensation of bringing 
the hand up against a rigid obstacle, resisting further elongation. 
Fig. 17 shows the property as determined in a testing machine. 
The substance behaves precisely like other familiar materials, up to 
a point which, in this case, is found at a load of 30 per cent. of the 
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Fic. 17.—Stress strain diagram of india rubber. 


maximum, the breaking load, and at an extension one-half the max- 
imum. At this point there exists a reversal of the line, and the cur- 
vature is thence maintained convex to the axis of X, up to the point 
of rupture; fracture taking place, at the end, sharply and without 
any indication of that method of flow of the mass which, in the case 
of the irons and softer steels, for example, permits a falling off of 
resistance after passing a point of maximum tenacity well within 
tbe breaking limit, The ratio of increase of load to increase of elon- 
gation steadily increases from the zero point, as with all substances, 
other than iron and steel, so far as known, up to this point of contrary 
flexure on the diagram, at which place the ratio is inverted and resist- 
ance increases in greater proportion than extension, finally assuming 
a comparatively high value. 

India rubber exhibits none of the phenomena giving the character- 
istic form of the diagrams of the irons and steels. Even when 
stretched to the point of rupture it restores itself very nearly to its 
original dimensions, and gradually recovers a part of the loss of 
form at that instant observable. Its almost complete stability of 
form when relieved from load, and especially when in the shape of 
springs such as are used on railway trucks, constitutes one of its 
most valuable properties, Like cork, when confined laterally it is 
practically incapable of distortion when used as a spring. The 
volume of the mass remains, so far as can be seen, constant, or 
nearly so, 
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Fic. 13.—Dimensions of eye bolts and lifting eyes. 


6 . 12 


950 1000 1050 1100 1150 1200 1250 


WEIGHTS AND MEASURES 


While the British continue to use certain units of measurement 
which Americans have discarded, notably the stone and the hundred- 
weight of 112 lbs., the fundamental units of length and weight and 
their chief derivatives are identical in Great Britain and the United 
States. Measures of capacity, unfortunately, differ. 

The base of American measures of capacity for liquids is the 
Winchester gallon of 231 cu. ins. and the corresponding base of the 
British measures is the Imperial gallon of 277.274 cu. ins. The 
division of the two gallons into gills, pints and quarts follows the same 


scale. Following are the relations of the two gallons: 

1 U.S. gallon =.833 Imperial gallon. 
1 Imperial gallon =1.200 U. S. gallons. 
7.48 U.S. gallons =1 cu. ft. 

6.24 Imperial gallons =I cu. ft. 

1 U.S. gallon of water at 62 deg. Fahr. = 8.34 Ibs. 


1 Imperial gallon of water at 62 deg. Fahr. =10 lbs. 


The U. S. (Winchester) bushel contains 2150.42 cu. ins., while the 
Imperial bushel is based on the Imperial gallon, of which it contains 
8 or 2218.19 cu. ins. The division of the two bushels into pints, 
quarts and pecks follows the same scale. Following are the relations 
of the two bushels: 


1 U.S. bushel = .969 Imperial bushel. 
1 Imperial bushel =1.032 U. S. bushels. 

1 U.S. bushel =1.244 cu. ft. 

1 Imperial bushel =1.284 cu. ft. 


The Metric System 


That monument to scientific zeal combined with ignorance of 
practical requirements—the metric system—is unfortunately present 
in the world and cannot be ignored. 

The claims for the ease of adoption and the wide use of the system 
have been shown by S. S. Dale and the author to be grotesquely 
false (Trans. A. S. M. E., Vols. 24 and 28 and The Metric Fallacy). 
The facts are that no nation has ever made serious progress toward 
the adoption of the system in trade and commerce except by the 
force of compulsory law, and that no nation has ever discarded its 
old units by force of compulsory or any other law. 

The case for France was officially summed up and confessed in a 
circular letter dated Paris, Apr. 11, 1906, from the French Minister 
of Commerce, Industry and Labor, to the presidents of French Cham- 
bers of Commerce, of which the following is a translation in part. 
The full text may be found in the Transactions of the A. S. M. Te 
Vol. 28: 

“My Department at different times has been called upon to give 
to the Department of Weights and Measures instructions for accom- 
plishing the total suppression of the measures and weights prohibited 
by the old law of July 4, 1837 by the seizure of the prohibited articles. 
The Department, in spite of all such efforts, has not succeeded in 
attaining the desired result. 

“T have learned that in certain industries the advertisements, 
prospectuses, catalogues, etc., used by the merchants among them- 
selves and also for sending to their customers contain the illegal 
expressions. They thus continue to designate in lignes 
and inchs all the articles they sell. 

“T do not consider it worth while to enumerate here the industries 
and professions which have continued to employ the proscribed 
standards, but they are still numerous and most of them known to 
members of your organization.” 


In the metric countries of western Europe, great industries, 
although selling their products by the metric system, make exclusive 
use of the old systems in the manufacture of those products. Thus 
in France the leading industry is the manufacture of silk fabrics, 
and this industry makes exclusive use of the aune and denier as its 
manufacturing units of length and weight respectively. Again, in 
Germany, the cotton industry is based exclusively on the British 
yard and pound and the woolen industry is similarly based on a 
great variety of old German ells and pounds. Throughout the metric 
and non-metric world lumber is sawn to the inch. 

The actual condition is diametrically the opposite of the imaginary 
one pictured by the metric party. Foractual uniformity of measures 
in all industries and commerce and for actual simplicity of calcula- 
tions due to that uniformity we must turn to English-speaking 
countries, while, for actual diversity of measures and complexity of 
calculations due to the necessity for repeated conversions between 
incommensurate units, metric countries supply an example and a 
warning. 

Outside western Europe and contrary to oft-repeated but un- 
founded assertion, the system is used but little. Many countries, 
notably those of Spanish America, have “adopted” the system, 
but without compulsion, the result being that it has become an official 
government system used chiefly in the collection of customs duties 
and sometimes only partially there, while among the people it is 
used but little or not at all. 

In other countries which are frequently classed as metric (Japan, 
Russia, the treaty ports of China) the law goes no further than to 
make the system permissive exactly as in Great Britain and the 
United States. 

These conclusions are proven by an array of facts that is over- 
whelming. No serious attempt to answer them has ever been made, 
because such answer is impossible. 

There are but two possible explanations of these facts—either the 
advantages of the system are not sufficient to justify its adoption 
or its adoption is attended with so much difficulty as to be impractic- 
able. Lither explanation is fatal to the pro-metric argument. 

The feature of the system on which most stress is laid by its 
advocates—its convenience in the reduction or conversion of units, 
due to the fact that it has the same base as our unfortunate system 
of arithmetical notation—overlooks the fact that in the affairs of 
every-day life such conversions are of too infrequent occurrence to 
lend importance to this feature. All customary calculations of the 
engineer or business man are made as readily in the British as 
in the metric system. 

Were it otherwise, the repeated conversions during the transition 
period of two systems of units used conjointly and bearing incom- 
mensurate ratios with one another, offset many times over even the 
claims made for economy of time in calculations by the metric system. 
Of the probable length of the transition period we may form some 
idea from the fact that as acknowledged by the Minister of Com- 
merce, Industry and Labor it is still far from complete in France. 

The metric system is, at best, a complete subordination of the 
greater to the lesser—of the function of measuring to that of calcula- 
tion. Its advocates forget “that the chief function of a system of 


' weights and measures is to weigh and measure, not to make calcu- 


lations.”” Because of this some of its units are ill adapted to many 
of the purposes of life, while the decimal division of units is far in- 


ferior to binary divisions for the purposes of commerce and 
manufacture. 
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BritisH-AMERICAN-METRIC CONVERSION FACTORS 
(Except Capacity MrASURES WHICH ARE AMERICAN ONLY) 
From The U. S. Bureau of Standards 
Lengths 
Inches | Millimeters Inches | Centimeters Feet | Meters U.S. yards | Meters U.S. miles | Kilometers 
OSD Sm a= I TOC I I = . 304801 I = .914402 JO2T3 7 i— ab 
07874 = 2 7874 = 2 2 = .600601 T,003611 = TI I =" 5 1)..00035 
-Ir81r = 3 I = 2.54001 3 = - 914402 3 = 1,828804 1.24274 = 2 
.15748 = 4 Poco Ll ts 3 B2sOss) is I 2.187222 = 2 i COAT Tee) aes) 
-19685 = 5 rs74s8 = 4 4 = 1.210202 3 = 2.743205 2 = 3.21869 
.23622 -= 6 1.9685 = 5 5 = I. 524003 3.280833 = 3 2.48548 = 4 
-27559 = 4 2 = 5.08001 6 = 1.828804 4 = 3.657607 3 = 4.82804 
.314906 = 8 2.3622 = 6 6.56167 = 2 4.374444 = 4 3.10685 = 5 
ago4oa) = 9 2.7559 = 7 i = 2.133604 5 = 4.572009 3.72322 = 6 
I = 25.4001 3 = 7.62002 8 = 2.438405 5.468056 = 5 4 = 6.43739 
2 = 50.8001 3.14906 = 8 9 = 2.743205 6 = 5.486411 4.34959 = 7 
3 = 76.2002 3.5433 = 9 9.84250 = 3 6.561667 = 6 4.97096 = 8 
4 = 101.6002 4 = 10.16002 T3nl2333 = 4 7 = 6.400813 5 = 8.04674 
5 = 127.0003 5 = 12.70003 16.40417 = 5 7.655278 = 7 0092530 eo 
6 = 152.4003 6 = 15.24003 19.68500 = 6 8 = FOSERLTS 6 = 9.65608 
7 = 177.8004 7 = 17.78004 Lo OOS Ss = 7 8.748889 = 8 7 — Tie ZOnAS 
8 = 203.2004 8 = 20.32004 26.24667 = 8 9 =081 220010 8 =12.87478 
9 = 228.6005 9 = 22 86005 a 290.52750 = 9 9.842500 = 0 9 =14.48412 
Areas i 
a Square Square Square Square , Square 
5 
atc aee pesitacter eee afer theeere te Square feet |Square meters} Square yards | Square meters} Square miles LiGmees 
00155 I -I550 = I I = .0920900 i = . 8361 .3861 = I 
.00310 = 2 .3700 = 2 2 = . 18581 I.1960 = er E722 ee 
00465 = 3 .4650 = 3 3 = .27871 2 = 1.6723 I = 2.5900 
-00620 = 4 -6200 = 4 4 = . 37161 2.3920 = 2 1.1583 = 3 
.00775 = 5 7750) = § 5 = 40452 3 = 2.5084 1.5444 = 4 
.00030 = 6 -9300 = 6 6 = -55742 3.5880 = 3 1.9305 = 95 
.o1r085 = 7 I = 6.452 7 = -65032 4 = 3.3445 2 = 5.1800 
.01240 = 8 1.0850 = 7 8 = BTAse3 4.7839 = 4 230 COme— ao 
.01395 = 9 r.2400 = 8 9 = - 83613 5 = 4.1807 ZF O27) = 7 
: = 645.16 T3050) = 9 10.764 = I 5.9799 = 5 3 = 7 F1Oo 
2 = 1,290.33 2 = 12.903 21.528 = 2 6 = 5.0168 3.0888 = 8 
3 = 1,935.49 3 = 19.355 32h292) eS 7 = 5.8529 3.4749 = 9 
4 =)  2'58e.65 4 =a SOT 43.055 = 4 FESO = 6 4 = 10.3600 
5 SALAD 5 = 32.258 53.819 = 5 8 = 6.6890 5 = 12.9500 
Gs = 3.870.908 6 = 38.710 64.583 = 6 8.3719 =e 6 = 15.5400 
7 = 4,516.14 7 = 45.161 75.347 Oy 9 = 7.5252 "i = 18.1300 
8 — eS LOL. 30) 8 — Tests Os 86. 115 = 8 9.5679 = 8 8 = 20.7200 
9 = 5,806.46 9 = 58.065 90.875 = 9 10.7639 = 9. 9 = 23.3100 
Volumes Areas.—Continued 
5 ] : ; F A bi 
Cubic | Cubic Cabie pure Cubic feet ace Cubic yards Subic Acres Hectars 
inches | millimeters inches centimeters meters meters 
.O00061 = I .0610 = I I = . 02832 I = - 7645 I = +4047 
.000122 = 2 -1220 = 2 2 = - 05663 1.30709 = 1 2 =  . 8004 
.000183 = 3 Shein E  8 3 = -08405 2 = 1.5291 247 = 0 
000244 = 4 .244 = 4 4 = +L1327 2.6159 ne) 3 = 1.2141 
.000305 = 5 305k = 5 5 - 14159 3 = 2.2037 4 = 1.6187 
.000366 = 6 -360r = 6 6 = . 16990 320238. = 3 4.942 = 2 
000427 = 7 4272 = 7 bf = - 19822 4 = 3.0582 5 = 2.0234 
000488 = 8 .4882 = 8 8 = . 22054 5 = 3.8228 6 = 2.4281 
.000549 = 9 15492 = 9 9 = 25485 5.2318 = 4 7 ac! ERS 
I = 16,387.2 I lous S72 35.314 = I 6 = 4.5874 TiS SS 3 
2 = 32,774.3 2 2 Bes 70.629 = 2 Okoy = & 8 = 3.2375 
3 = 49,161.5 3 = AO. 201s TOS: OAS B=" 3 7 = Bosisus 9 = 3.6422 
7 654806 4 = 65.5486 TAte25S end 7.8477 = 6 9.884 = 4 
5 = 81,935.8 5 = 81.9358 176.572 = 5 8 = 6.1165 12.355 = 5 
6 = 98,323.0 6 = 08.3230 211.887 = 6 9 = 6.8810 14.826 = 6 
7 =—eTTA lO... 7 = I14.7101 247.201 = 7 9.1556 ey 17.207 = 7 
8 = 131,007.3 8 = 131.0073 282.516 = 8 10.4635 = 8 19.768 = 8 
9 = 147,484.5 9 = 147.4845 Gots =) LNCTION. So het OAS: 2ES23 9 cease, 
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BritisH-AMERICAN-MEeEtRIC CONVERSION Factors—(Continued) 
(Except Capacity MEASURES WHICH ARE AMERICAN ONLY) 
Capacities 
U.S. liquid Wines | U.S. liquid | Titers Ul 8-dey, Liters U. S. pecks Liters U. S. bushels Hectoliters 
quarts | gallons | quarts 
I = -94636 E2OA Te = 0 T 9081 = 1 eS Saas é ee 
1.05668 = x E52634— 2 I = I. 1012 <22702 = 2 2 = -70479 
2 = tee 79251 = 3 a? = Fh .34053 = 3 2.83774 = 1 
2.11336 = 2 I = 3.78543 2 = 2.2025 ASO Sh 3 = 1.05718 
3 = 2.83908 1.05668 = 4 2.7242 = 3 HOGS = 4 Ws S a 
3.070058 0= 9) 1.32085 = 5 3 =) 93-3037, 68106 = 6 5 = ee 
4 = 3.78543 L.58502 = 6 3.6323 = 4 19457 = 7 5.67548 = 2 
4.22673 = 4 1.84919 = 7 4 = 4.4049 -90808 = 8 6 = 2.11436 
5 = 4.73179 2 = 7.57087 4.5404 = § I ge EE! 7 mes 
Soeeyee is 2.11336 = 8 5 000k EONS OY 8 Sm cetees 
6 = 5.67815 2.37153 = — 9 5.4485 = 6 2 = 17.61964 8.51323 = 3 
6.34009 = 6 3 = 11.35630 6 = 6.6074 3 = 26.42946 9 Ben 
7 — 6.62451 4 = 15.14174 6.3565 7 4 = 35.23928 UBER a) 
eI07%, = CT 5 =~ 18.02717 7 = 7.7086 5 = 44.04910 ee Ss 
8 = 7.57088 6 = 322 170200 7.2046 = 8 6 = 52.85802 57.02645 = 6 
8.45345 = 8 7 = 26.49804 8 = 8.8008 7 = 61.66874 19.86420 = 7 
9 = 8.51723 8 = 30.28348 8.1727 = 9 8 = 70.47856 22.70194 = 8 
9.51014 = 9 9 = 34.06891 9 SOD OLLO 9 =_79. 28838 BEINN Se 
Weights 
: i i Avoird i ‘ F 
Grains Grams pci Aor Grams ee Grams Meteor Kilograms Troy pounds Kilograms 
ounces ounces pounds 
I = 06480 103527 = 203205 ee a = +45359 i me ose 
2 = 12960 LO7O55—. = 2 .06430 = 2 2 = -90718 2 = 74648 
3 = 19440 10582 = 3 .00645 = 3 2.20462 = I 2.67923 = I 
4 = 25920 | REAELEO) = 4 .12860 = 4 3 = 1.36078 & = -E.11973 
| 
| 
5 = 32399 17637 = 5 - 16075 z 4 SIR SL43 7 4 = 1.49207 
6 = 38879 | e2T1O4 = 6 -192900 = 6 4.40924 = 2 5 = 1.86621 
7 = 45359 | .24692 = 7 .22506 = 7 5 = 2.26796 5.35840 = 92 
8 = 51839 | ie = 3 25720 0S 6 = 2.72155 6 = 2.23045 
9 = 58319 =|; ae =) . 28936 = 9 6.61387 = 3 a = 2.61260 
15.4324 0 = I = 28.3495 I = 31.10348 af = 3.17515 8 = 2.98503 
30.8647 Ss 2 2 = 56.6991 2 = 62.20606 8 = 3.62874 3303 7090m— ns 
46.2071 = 3 3 = 85.0486 3 = 093.31044 8.81849 = 4 9 = “31335958 
61.7204 = 4 4 = 113.3981 4 = 124.41392 9 = 4.08233 I0.71691 = 4 
77.1618 = 5 5 = I41.7476 5 = 155.51740 TPVO2355 = 5 I3..39014 = 55 
92.5941 = 6 6 = 170.0972 6 = 186.62088 03227773 —2O 16.07537 = 6 
108.0265 = 7 7 = 108.4467 7 = 217.72437 15.43236 = 7 18.75460 = 7 
123.4580 = 8 8 = 226.7962 8 = 248.82785 17.636908 = 8 21.43383 = 8 
138.8012 = 9 9 = 255.1457 9 = 279.93133 19.84160 = 9 24.11306 = 9 
BritisH-MEtTRIC AND Merric-BritisH EQUIVALENTS OF UNITS OF LENGTH 
Unit In. Ft. Yd. Red Furl. | Mile — ‘| Cm. Meter Km Unit 
Des Ae castes a I 083 027 OOS OR mele irovc costs tetetele eons eee 2.54 MOZSAGN |e ten ae In. 
A Ey ee le Si SS 2 I 3 .06 OOIS 0001893 30.48 SOAS: o “lloap cern sieeeeae Ft. 
SG Re Bere er 36 3 I 18 0045 0005681 91.4402 -914402 - 0000144 Vide 
1.0% ee nant 198 16.5 nS I 025 BOOB P25 i aex ern koe te 5.029 .005029 Rod 
Furl Recta fos «ic 7920 660 220 40 I OI eal W'S. SP ne ie 201.17 - 20117 Furl. 
Miley ett .-.5,. 63360 5280 1760 320 8 Tile) Sha, eet aeeace 1609.35 I.60035 Mile 
Cm - 3937 .03281 010904 SOOTOSS NI. yy ee, Pat eee ene he an be r OTe jae sees Cm, 
Bieter: os ont 39.37 3.28083 | I.00361 - 19884 -00497 0006214 100 I oor Meter 
Km 39370 3280.83 | 1003.61 198.84 4.970906 62137 100,000 1000 is Km. 
BritisH-MeEtTRIC AND MeErric-BritisH EQUIVALENTS OF UNITS OF WEIGHT 
Unit Grain Gram Oz. av. Lb. av. Kilog. Shore ioe Unit 
cwt. 
Short Metric Long 
Grain I . 0647989 0022857 00074286) |!5.'000064700 lean asin .5 4) Neen eo || eee (a Grain 
Graminon ass 15. 43236 I | .035274 0022046 POOL ~ (1 Giticcers-norey os apedtn | Eee iaeepaite Phe rcael lester pote | a Gram 
OZ Avia otaser 437-5 28.3495 | I .0625 + O2B3405 © oi[ SA te cate ensforeallsiaMrate See Meh oc] ocean arene et eae Oz. av 
bi Fh NN | 7000 453-592 16 I -453592 .O1 .0005 0004536 -0004464 Lb. av. 
MOG eee 15432.36 1000 35 -27396 2.20462 I .0220462 -OOIIO231 .OOL -00090842r | Kilog. 
HOCLICW bmp oratcnetery ees lA hen ae eawslles etm, I00 
sais tee 45-3592 I .05 -045359 - 0446429 Short cwt. 
re re Sarai ne atte ae Sih Nac gab aes Dele, We cashes aa 2000 907.185 20 I -907185 -8928571 | Short ton 
: e i NEN aia 5 2B oe wg tee Aidala ai a) eco, Waris, © ion 6 oe Verse domn ie eo | 2204.62 I000 22.0462 I. 10231 I -984206 Metric ton 
ong ton.. Chie) Shean (0 CL Oca eRe MANE) re aise s an en 2240 I016.05 22.4 T. 22 I.01605 I Long ton 
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BritisH-AMERICAN-METRIC CONVERSION FACTORS FOR FRACTIONAL DIMENSIONS OF LENGTH 


From the U. S. Bureau of Standards 
Binary Fractions of an Inch to Millimeters 
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t 


2S i’s 8ths 16ths 32nds 64ths “soe eae Inch 3's 1's 8ths | 16ths 32nds 64ths ae areas 
I = .397 . 015625 33 = 13,007 . 515625 
I 2 = .794 . 03125 17 34 = 13.404 . 53125 
3 = Do IQr 046875 35 =13. 801 5460875 
I 2 4 = 1.588 .0625 9 18 36 =14. 288 .5025 
5 = 1.084 .078125 37 =14.684 578125 
3 6 = 2.381 . 00375 19 38 =15.081 .59375 
7 = 2.778 . 100375 39 =15.478 . 609375 
I 2 4 8 = 3.175 .1250 § 10 20 40 =15.875 -625 
9 = 3.572 - 140625 41 =16.272 .640625 
5 10 = 3.969 -15625 2I 42 = 16.669 .65625 
TI = 4.366 171875 43 =17.066 671875 
3 6 12 = 4.763 -1875 il 22 44 =17.463 -6875 
13 = 5.159 + 203125 45 =17.859 . 703125 
7 14 oe 5.550 Se tel pcy 23 46 =18',256 71875 
| 15 = 5.953 | .234375 47 =18.653 | .734375 
I 2 | 4 8 16 = 6.350 . 2500 3 6 12 24 48 =19.050 +75 
| 
| 17 = 6.747 | .265625 49 . | =19.447 | .765625 
9 18 = 7.144 28125 25 50 =19.844 OL 
} | 19 = 7.541 - 200875 51 = 20.241 - 796875 
5 sae) 20 = 7.038 ~3125 13 26 i) 20.638 8125 
ae = 8.334 328125 53 = 21.034 828125 
| II 22 = 8.731 -34375 27 54 =21.431 .84375 
\ 23 = 9.128 - 359375 55 = 21.828 . 850375 
| 3 6 12 24 = 9.525 -3750 7 14 28 56 = 22.225 875 
25 = 9.922 . 390625 57 22.622 . 890625 
13 26 =70,.359 -40625 29 58 = 23.0190 -90625 
27 =10.716 -421875 59 = 23.416 -921875 
7 14 28 =II.113 4375 I5 30 60 = 23.813 9375 
29 =II.509 -453125 61 = 24.209 -953125 
I5 30 = 11.906 40875 31 62 = 24.606 -96875 
| she = 12,303 - 484375 63 = 25.003 -984375 
I 2 4 | 8 16 32 = 12,700 a5 i 2 4 8 16 32 64 =25.400 | 1.000 
Hundredths of an Inch to Millimeters 
Hundredths 
of an ° bi 2 3 4° 5 6 7 8 9 
inch 
° 254 .508 .762 1.016 1.270 1.524 1.778 2.032 2.286 
10 2.540 2.794 3.048 3.302 3.556 3.810 4.064 4.318 4.572 4.826 
20 5.080 5.334 5.588 5.842 6.006 6.350 6.604 6.858 Dita or e4 7.366 
30 7.620 .874 8.128 8.382 8.636 8.890 9.144 9.398 9.652 9.906 
40 10. 160 10.414 10.668 10.922 1.276 II.430 11.684 11.938 I2.192 12.446 
50 12.700 I2.954 13.208 13.462 13.716 13.970 14.224 14.478 14.732 14.986 
60 15.240 15.494 15.748 16.002 16.256 16.510 16.764 17.018 pee ie 17.526 
70 17.780 18.034 18.288 18.542 18.796 19.050 19.304 19.558 19.812 20.066 
80 20.320 20.574 20.828 21.082 21.336 21.590 21.844 22.008 22.352 22.606 
90 22.860 23, 0A 23.368 23.622 23.876 24.130 24.384 24.638 24.892 25.146 oe 
Millimeters to Decimals of an Inch 
Millimeters ° | I 2 3 | 4 5 6 7 8 9 
o (| 03937 07874 II811t .15748 . 19685 23622 27559 314906 - 35433 
ro 39370 43307 47244 S181 -55118 -59055 629092 66929 70866 - 74803 
20 78740 82677 86614 90551 94488 -98425 I.02362 1.06299 I.10236 I.14173 
30 I.18110 1.22047 1.250984 20921 1.33858 1.37795 ISAL7G2 1.45669 1.49606 I.53543 
40 I.57480 I.61417 1.65354 1.69291 1.73228 1.77165 1.81102 1.85039 1.88976 1.92913 
50 1.96850 2.00787 2.04724 2.08661 2.125908 2.16535 2.20472 2.24409 2.28346 2.32283 
60 2.36220 2.40157 2.44094 2.48031 2.51968 2.55905 2.59842 2.63779 2.67716 2.71653 
70 2.75590 2.79527 2.83464 2.87401 2.91338 2.95275 2.99212 3.03149 3.07086 3.11023 
80 3.14960 3.18807 3.22834 3.26771 3.30708 3.34645 3.38582 3.42519 3.46456 3.50393 
90 3.54330 3.58267 3.62204 3.66141 3.70078 3.74015 3.77952 3.81889 3.85826 3.89763 
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BritisH-MEtTRIC CONVERSION FAcTorS FoR Compounp UNITS 
From Clark’s Manual of Rules, Tables and Data 
Metric-British British-Metric 
.672 |b. per ft.. 1 lb. per ft. = 1.488 kg. per m. 
EAT ae * { 2.016 Jbs. per yd. 1 lb. per yd. = .496 kg. per m. 
1 kg. per sq. cm. = 14.2232 lbs. per sq. it. 1 lb. per sq. in. = .0703077 kg. per sq. cm 
1.0335 kg. per sq. cm. = 14.7 lbs. per sq. in- 1 Ib. per sq. ft. 4.883 kg. per sq. m. 
(1 atmosphere) : 

t kg. per sq. m. = .205 lbs. per sq. ft. 1 in. of mercury = 2.540 cm. of mercury 
1 cm. of mercury = . 394 In. of mercury t lb. per sq. in. = 5.170 cm. of mercury 
I cm. of mercury = .193 lb. per sq. in. 1 lb. per cu. ft. = 16.020 kg. per cu. m. 
t kg. per cu. m. = .0624 lb. per cu. ft. t cu. ft. per lb. = .0624 cu. m. per kg. 
I cu. m. per kg. = 16.019 cu. ft. per lb. 1 ft.-lb. = .138 kgm. : ; 
1 kgm. = 7.233 ft.-lbs. 1 British h.p. = 1.0139 metric h.p. 
I metric h.p. = .9863 British h.p. 1 lb. per British h.p. = -447 kg. per metric h.p. 
1 kg. per metric h.p. = 2.235 lbs. per British h.p. 1 sq. ft British per h.p. = .0gI6 sq. ss per metric h.p. 
I sq. mM. per metric h.p. = 10.913 sq. ft. per British h.p. TBs. = . 252 carlorie 
1 calorie ~ 3.968 B.t.u.’s 1 ft. per sec. or per min. = .305 M. per sec. or per min. 

= 3.281 ft. per sec. : " f .447 m. per sec. 
I M. per sec. = 4 196.860 ft. per min. Boi \. 1.609 km. per hr. 


2.236 miles per hr. 


1 km. per hr. .621 miles per hr. 


BritisH-Metric CONVERSION Factors FOR UNITS OF PRESSURE 


Lbs. Kgs. Lbs. Kgs. Lbs. Kgs. Lbs. Kgs. 
per per sq. per per sq. per per sq. per per sq. 
sq. in. | centim. | sq.in. | centim | sq. in. | centim. | sq. in. | centim. 
I -0703 26 1.828 51 3.5857 76 5.3434 
Z . 1406 4 1.8983 52 3.656 vl 5.4138 
3 - 2109 28 1.9686 5 3.7263 78 5.4841 
4 -2812 | 29 2.0389 54 3.7966 79 5.5544 
5 Hein || ey) 2.1092 55 3.8669 80 5.6247 
6 4218 | 31 | 2.1795 56 3.9373 81 5.695 
7 4921 32 =| 2.2408 57 4.0076 82 5.7653 
8 5624 33 2.3202 58 4.0779 83 5.8356 
9 -6327 34 2.3905 59 4.1482 84 5.9059 
10 70309| 35 2.4608 60 4.2185 85 5.9762 
| 
II 7734) 36 | 2.5312 61 4.2888 86 6.0465 
12 . 8437 27 2.6014 62 4.3591 87 6.1168 
£2 9140 38 2.0717 63 4.4204 88 6.1872 
14 9843 39 2.7420 | 64 4.4097 89 6.2575 
£5" 1.0546 | 40 } 2583123. | 65 4.5700 90 6.3278 
16 1.1249 41 2.8826 66 4.6404 OI 6.3981. 
17 ¥.1052 | 42 2.9529 67 4.7107 92 6.4684 
18 1.2655 | 43 3.0232 68 4.781 93 6.5387 
19 1.3358 44 3.0936 | 69 4.8513 94 6.609 
20 1.4062 | 45 | 3.1639 70 4.9216 95 6.6793 
21 1.4765 | 46 3.2342) 71 4.9919 96 6.7496 
2: 1.5468 47 3.3045 72 | 5.0622 97 | 6.8199 
23 | 5 HRS 5 Sey fs Saal 48 3.3748 73 tees 98 6.8902 
24 1.6874 49 3-4451 74 5.2028 99 6.9606 
25 £.7577 50 3.5154 aS eta hea 100 7.0309 


It is for this latter reason that the millimeter is universally used as 
a measure of length in machinery manufacture, this little unit being 
multiplied because the decimal division of larger units has been found 
impracticable. It is for the former reason that units has been both 
dropped from and added to the original list. 

Those who do not know the above facts do not know enough about 
the subject to make their opinions regarding the wisdom of the adop- 
tion of the system of the slightest value. 

The customary tables are very misleading. It was inevitable 
that a schedule of units based on a rigid relationship should contain 
many that are redundant and fail to contain others required by 
considerations of convenience. The result is that the tables contain 
many units that are not used and they omit others which necessity 
or convenience has brought into use, while, of those given, they fail 
entirely to indicate those that are used and those that are not. 

The accompanying conversion tables are but an illustration of the 


Metric-BritisH CONVERSION FACTORS 


FOR UNITS OF PRESSURE | 


| 


5 Kgs. Kgs. 
<< Lbs. per ae Lbs. per ies | Lbs. per a, Lbs. per | 
per sq. A Pp : : Fy! in. 7 sq. in. 

cen. ce aa cen. pee reed | ease cen. 2 
I TA 228 3.6 Br. 203) 6.2 88.183) 8.8 125.162} 
een 15.645 Sin 7 52.625 Ong 89.605 8.9 126.585 
Tig) 17.068 3.8 54.047 6.4 91.027] 9 128.007 | 
T3 18.490 320 55.470 6.5 92.450 9.1 129.429 
iavil 19.912 4 56.8092 6.6 93.872 9.2 130.852 
oe 21.335 4.1 58.314 6.7 95.204, 9.3 132.274 
TEAC 22 aT Ane 59.737 6 8 96.716 9.4 133.696 
oy 24.179 4.3 61.159 6.9 98.139 9.5 135-119 
1.8 25.601 4.4 62.581 7 99.561 9.6 136.541 
I.9 27.024 As 64.004 Heit 100.983 9-7 137.963 
2 28.446 4.6 65.426 in 102.406 9.8 139.385 
2a 29.868 Aaa 67.848 Tee 103.828 9.9 | 140.808 
DB 31.201 4.8 68.270 Tee 105.250] I0 142.230 
208 Sons 4.9 69.693 es: 106.673] 10.1. | 1432652 
fl 34.135 5 YGiesaes 7.6 108.095] 10.2 | 145.074 
25 35.558 Rat 72.537 HG 109.517; 10.3 | 146.407 | 
20 36.980 Bin 2. 73.960 “hens: II0.939 10.4 147.919 
27, 38.402 cag TSI 2O2 FiO Ties Bee, HOS 149.341 
2.8 39.824 5.4 76.804 8 113.784] 10.6 150.764 | 
2.9 41.247 5.5 TEn 227 Set LES, 206|) —Ter7 152.186 
S 42.669 5.6 79.649 8.2 116.629] 10.8 153.608 
Shr 44.0901 BF 81.071 8.3 II18.051 I0.9 155.030 
Bo2 45.514 5.8 82.493 8.4 119.473] It 156.453 
Bis) 46.936 5.9 83.916 8.5 120.806] I1.1 157.875 
Bu 48.358 6 85.338 8.6 1227318| atire2 159.207 
BES 49.781 6.1 86.760 | S27 E237 40} reas 160.720 


confusion which the system has already introduced, and every exten- : 


sion of it adds to this confusion, for the dream that it would supplant 
the old systems has proven as vain as the dream of the millenium. 
The whole movement for its origin and spread must be regarded as 
unfortunate and pernicious. 

The use of the accompanying tables of equivalents is best shown 
by an example: Required the metric equivalent of 38.5 ins. From 


the proper table we find: 


ins. 


= 762.002 
= 203.200 
12.700 


S= 


38.5 987.902 


mm. 
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From The U. S. Bureau of Standards 
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Doll 
Francs | Dollars | Francs | Dollars | Francs ee Francs | Dollars Marks | Dollars | Marks Doll pss re Marks | Dollars 
_per per avoir. per per per fiquid per hec- |per U.S. per |peravoir. per ” i ie oe id ‘| per hec- |per U. S. 
kilogram | pouud meter yard liter wai toliter | bushel kilogram} pound mecene eee iis aie abee me toliter | bushel 
I = .085 I = .176 I = .731 z = .068 f = 108 I = .218 I = .9O1 I = .084 
2 ees 2 Pee) 2 =1.461 2 = .136 2 = ,216 b) = .435 2 =1.802 2 = .168 
3 205 3 = .520 3 =2.102 g = .204 3 = 1324 3 = .653 3 =2.703 3 = .252 
4 50 4 Seis 4 2.922 4 = .272 4 = 432 4 = .871 4 =3.604 4 = .335 
5 458 S = .882 5 =3.653 5 = .340 5 = .540 5 =1.088 5 =4.505 5 = .419 
6 =" 525 6 =1.058 6 =4.384 6 = .408 6 = .648 6 =1.306 6 =5.406 6 =e S04 
7 = .613 7 =1.234 v | =5.114 7 = .476 7 = .756 7 =1.523 i =6.307 7 = .587 
8 = .700 8 =I.4I1 8 =5.844 8 = .544 8 = .864 8 =1.741 8 =7.207 8 = .671 
9 = 2788 9 =2.587 9 =6.575 9 = .612 9 = .072 9 =1.959 9 =8.108 9 = .755 
I1l.423=1 5.667= Teg00 = 14.703 =1 9.263 =1 40595 =1 I,II0=1 II.923=1 
22.846=2 11.334=2 2.738=2 29.407 =2 18.526=2 9.190=2 OPP) 23.847 =2 
34.260 =3 I7.000=3 4.106 =3 44.110=3 27.789 =3 13.785 =3 3-330=3 35.770 =3 
45.691 =4 22.067 =4 °S-475=4 58.813 =4 37.052=4 18.380=4 4.440=4 47.6903 =4 
57.115S=5 28.334=5 6.844=5 73.517=5 46.316=5 22.075=5 5.550=5 59.616=5 
68.537= 34.001 =6 S.2r3= 6 88.220=6 55.579 =6 27.570=6 6.660=6 71.540=6 
79.960=7 39.668 =7 9.581 =7 102.9023 =7 64.842=7 32.165=7 7.770=7 83.463 =7 
91.383=8 45.334=8 10.950= It? ..627=8 74/105=8 36.760=8 8.880=8 95.386=8 
102.806=9 51.001 =9 12.319 =9 132.330=9 83.368 =9 4I.355=9 9.990 =9 __107.310=9 
ELECTRICAL HoRSE-POWER 
Amperes 
Volts i I | bas) 20 30 40 50 60 70 80 | 90 I00 IIo 
I 00134 0134 0268 0402 0536 0670 -0804 .0938 eEO72 1206 1341 1475 
5 00670 0670 1341 2011 2681 ARETE -4022 4692 +5362 6032 6703 wai 
10 OI34I I314 2681 4022 5362 -6703 - 8043 9383 1.072 1.206 1.341 1.475 
15 O2011 2011 4022 6032 8043 1.005 I.206 1.408 1.609 1.810 ZnO DE 2a252 
20 02681 2681 5362 8043 I.072 1.340 1.609 De O77 2.145 2rars 2.681 2.949 
| 
25 | 03351 3351 6703 I.005 I.341 1.676 2.011 2.346 2.681 3.016 3.351 3.686 
30 04022 4022 8043 1.206 1.609 2.011 22403 2.815 Sea 3.619 4.022 4.424 
35 04692 46092 9384 1.408 1.877 2.346 2.815 3.284 Stas 4223 4.602 5.161 
40 05362 5362 1.072 I.609 hs ius 2,687 Sma 32753 4.290 4.826 5.362 5.808 
45 | 06032 6032 1.206 1.810 2.413 3.016 3.619 4.223 4.826 5.439 6.032 6.635 
| 
50 | 06703 6703 I.341 2.011 2.681 3.351 4.022 4.692 5.362 6.032 6.703 TTS 
75 10054 1.005 2.011 3.016 4.021 5.027 6.032 GEOR 8.043 9.048 10.05 11.06 
100 13405 I.341 2.681 4.022 5.362 6.703 8.043 9.384 10.72 12.06 ee We 14.75 
500 67025 6.703 13.41 20.11 26.81 Soin 40.22 46.92 53.62 60.32 67.03 S73 
I,000 1.3405 13.41 26.81 40.22 53.62 67.03 80.43 93.84 LO7..2 120.6 134.1 147.5 
{ 
5,000 6.7025 67.03 134.1 201.1 268.1 635er 402.2 469.2 536.2 603.2 670.3 TS TES 
10,000 13.405 r34.5 268.1 402.2 Pevaye) 670.3 804.3 938.3 1072 1206 I341 I475 
BritisH-MEetrric AND Metric-BritISH CONVERSION FACTORS FOR 
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WorK AND POWER 


Horse-power Horse-power Foot-pounds Kilogrammeters 
Metric to British to to kilogram- to 
British Metric meters foot-pounds 
I .986 I.014 .1383 T2390 
2 T7073 2.028 .27605 14.4659 
3 2.959 3.042 4148 21.6088 
4 3.945 4.056 5530 28.0317 
5 4.932 5.069 6913 36.1646 
6 5.918 6.083 -8205 43.3976 
7 6.904 7.097 .9678 50.6305 
8 7.890 8.50% I. 1061 57.8634 
9 8.877 9.125 1.2443 65.0963 


MATHEMATICAL TABLES 


The range of arithmetical tables may be greatly extended by an under- 
standing of a few principles. 

Areas of circles of fractional diameters may be obtained from 
tables of areas of circles whose diameters are whole numbers, by 
putting the diameter in the form of a decimal. For example, find 
the area of a circle of .97 in. diameter. The area of 97. is 7389. 
Point off twice as many decimal places as are in the diameter, and 
we have .7389 the area. Or take diameter .or in. The area of 
1 is .7854; add four decimals and we have .00007854 in. Or again, 
take diameter 34.7 ins. The area of 347 is 94,569, and pointing 
off two decimals gives 945.69 for the area belonging to diameter 34.7 


It is often required to find the square or cube root of numbers 
larger than are given directly in the table. Suppose the square root 
of 12.850 is desired. Look in the column of squares for the nearest 
number, and it will be found that the square of 113, which is 12,769, 
is the nearest, but is too small, and the square root will be a fraction 
more than 113. To get one decimal place in the root will require 
two in the number; hence it would make a total of seven figures. 
Look down the column of squares to where there are seven figures 
and find the nearest to 12,850 (considering the two right-hand figures 
out of the seven as decimals), and the nearest number is 12,859.56, 
and the root is 113.4. With the usual table going up to 1,600 this 


TABLE 1.—F ACTORS AND RELATIONS OF 7% 


3.1416 divided by 


.7854 divided by 


2=1.5708 68 = .0462 561 = .0056 
3=1.0472 77 = .0408 616=.0051 
= .7854 84 = .0374 714 = .0044 
230) 88 = .0357 748 = .0042 
= .4488 102 = .0308 924 = .0034 
8= 73027 IIQO=.0264 952 = .0033 
1xi= .2856 I32= .0238 I,I22= .0028 
12.2618 I36= .0231 I,309 = .0024 
I4= .2244 I54= .0204 1,428 = .0022 
I7= .1848 168 = .0187 1,496 = .0021 
21 1496 187 = .0168 1,848 = .0017 
22 vA2S 204= .O154 2,244= .0014 
24= .13009 237 =) OFZO 2,618=.0012 
28= .1122 | 238 = .0132 2,856= .OOII 
33= .0052 264= .0119 3,927 = .0008 
34 0924 308 = .0102 4,488 = .0007 
42= .0748 357 = .0088 5,236 = .0006 
44= .0714 | 374 = .0084 7,854 = .0004 
5I= .0616 408 = .0077 10,472 = .0003 
56 OSs6r 462 = .0068 15,708 = .0002 
66= .0476 476 = .0066 5,280 = .000505 


The reason for doubling the number of decimal places of the diam- 
eter comes from the fact that to find the area of a circle, the diam- 
eter is first multiplied by itself, or squared; hence there must be 
twice as many decimal places in the product, to conform to the rule 
for multiplication of decimal numbers. 

Sometimes it is required to find the area of a circle larger than is 
in the table. The range of the table may be doubled by taking the 
area for half of the desired diameter and multiplying it by 4. For 
example: Required the area for 996 diameter: half of this is 408, 
the area of which is 194,782, and this multiplied by 4=779,128, the 
area required. 

Referring to the table of squares, cubes and roots of numbers, 
which usually gives the squares and cubes of whole numbers only, 
it is sometimes required to know the square or cube of a fractional 
number. ‘To find the square of .9 take the square of 9 and point 
off two decimal places, giving .81; or the cube, and point off three, 
giving .729, as all cubed numbers must have three times and all 
squared numbers two times as many decimals places as there are 
in the number to be cubed or squared. Finding the square or cube 
of a whole number and fraction is done the same way. To find the 
square of 74, take the square of 725=525,625, and pointing off four 
decimals gives 52.5625; or the cube of 74 = 381.078125,. 
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Dye 219 34 = .0231 228 — .0033 
3=.2618 42 = .0187 357 = .0022 
6= .1309 5I=.0154 374= .0021 
Gf MUAY, 66= .0119 462 = .0017 
Il=.0714 77 = .CI02 56I1=.0014 
I4=.0561 102=.0077 7I4=.0011I 
I7 = .0462 I19 = .0066 E522) =) .0007, 
21 = .0374 I54= .0051 I,309 = .0006 
22=> .0357 187 = .0042 2,618 = .0003 
33 = .0238 231 = .0034 3,927 = .0002 


Log. =. 4971499 4/7 =1.4645919 


== -3183099 T\/2=4.4428829 
; 3 
qi 1013212 Nae we 


VJ =1.7724538 


cr: 
aa -5641896 = 


Nee ie 

5 7 1:253314 

= 
75 


method is available only for finding the square root with one decimal, 
of numbers between 1600 and 25,600. 

By the use of the column of cubes of numbers in the same manner, 
the cube root with two decimal places may be found for numbers 
from 1,600 to 4,088; or the root with one decimal place for numbers 
from 4,096 up to 4,088,324. For example: Find the cube root of 
3,504; the nearest number in the column of cubes is 3,375, the cube 
of 15. As there are to be two decimals in the cube root there must 
be three times this=6 added to the number of figures which makes 
to. Looking in the column of cubes we find 3,504.881359 (using 
the six right-hand figures as decimals), and the root is 15.10. 

Always be careful to keep in mind that in finding square roots 
there must be twice as many decimal places in the number as in 
the root, and in finding cube roots there must be three times the 
decimal places of the root. 

The value of % to eight places of decimals in 3.14159265. 


/2= I.4142136 
7? =9.8696044 


73 = 31.0062767 -79 78846 


The 

ratio aus reduced to decimals is 3.1415929, which is far more nearly 

the true value than 3.1416 which is customarily used. Doubling 
10 


both numerator and dominator gives re which may be found with- 


out estimation on the C- and D-scales of an ordinary slide rule. 
4 . 
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Ratios in vulgar fraction form are necessary when calculating gear 
trains for cutting diametral pitch worms and racks. Following are 
such values arranged in the order of accuracy: 


23 I41 

113 731415920 
22 

ay lAs 

7 73-1420 


69 

22° 9°1304 
Ble 

15 731333 


For tabulated change gears for cutting diametral pitch worms 
see Cutting Diametral Pitch Worms. 

The value 3.1416 has many exact factors, as it is the product of 
2X3X4X7X.11xX.17. Table 1 gives various factors and other 
relations of 7. 


TABLE 2.—LOGARITHMS 


The supplementary table at the right gives proportional parts without calculation. Thus to find log 2985, opposite 29 and under 8 read .4742 and in 
the same line of the supplementry table under 5 read 7 which added to +4742 gives .4740, the log required. 


fo) I | 2 3s 4 eS 6 ” 8 9 I 2 33 5 6 7 8 9 
pa) 0000 0043 0086 or28 O170 0212 0253 0204 0334 0374 4 o .£3 buf. Pig GAS PI Be, RY 
It O414 0453 0402 0531 0560 0607 0645 0682 0719 0755 4 Se ia! Lieto! 23 26. 30734 
12 0702 0828 | 0864 o8o9 0034 0060 I004 1038 1072 I106 33 i i) CALs PY MRS MeN 
13 I139 1173 | 1206 1239 BeBe 1303 1335 1367 13990 1430 3 6 10 IZ) 46 “ro 23, 26.729 
14 1461 1492 | 1523 1553 1584 1614 1644 1673 1703 1732 3 6 9 D2 Ses 21 424527 
15 1761 1790 | 1818 1847 1875 1903 IQ3I 1950 1987 2014 3 6 8 LER 7 20 mee 2ee 25 
16 204% | 2068 2005 2122 2148 2175 2201 2227 2253 2279 3 5 8 TDs: 9LO GS) 2824 
17 2304 | 2330 2355 2380 2405 2430 2455 2480 2504 25290 2 5 7 TOmen2) Ens 7 ZOOM 2 
18 2553 | 2577 | 2601 2625 2648 2672 2605 2718 2742 2765 2 5 7 Coy ee hy) EGO Y TORRLE 
fae) 2788 | 2810 | 2833 2856 2878 2000 2023 2045 2067 29890 2 4 7 Oy mis “ber 1G. T8020 
20 3010 | 3032 | 3054 | 3075 3006 3118 3139 3160 3181 3201 Cremer AS 8 “a1 416 Is) 17) ro 
21 3222 | 3243 | 3263 3284 | 3304 3324 3345 3365 3385 3404 dk 8 10 12 14 16 18 
22 3424 | 3444 | 3464 3483 3502 3522 3541 3560 3579 3598 2 ee LO ce 0 AD 5 eels, 
2 3617 | 3636 3655 3674 3692 3711 3729 3747 3766 3784 Zi AO im On tLe TS RES En, 
24 3802 | 3820 | 3838 3856 3874 3802 3900 3927 3945 3962 oe Ae wales oe we LZ) £49826 
25 3979 3997 | 4014 4031 4048 4065 4082 40909 4116 4133 2 3 5 Gy 9 10 TDA TS, 
26 4150 4166 4183 | 4200 4216 4232 4249 4265 4281 42098 2 a 5 Gs & “IO Ero pions 
27 4314 4330 4346 4362 4378 4393 4409 4425 4440 4456 ERS 35} 6° 8 9 DL) 35 ELA 
28 4472 | 4487 | 4502 4518 4533 4548 4564 4579 4594 4609 2. 3, 35 Onee8= 59 EE cae a 
29 4624 4639 | 4654 4669 4683° 4608 4713 4728 4742 4757 a Syeeet th 9) EQU ST 2S 
30 4771 4786 | 4800 4814 4829 4843 4857 4871 4886 4900 a 3 4 6 7 9 EOm (iteers3 
3t 4914 4928 4942 4955 4969 4983 4997 SOIL 5024 5038 I 3 4 6 7 8 ado Bee) 
32 59051 5065 5079 5092 $105 5119 5132 5145 5159 S172 I 3 4 5) 7 8 Oe Baia 
33 2185 5198 5211 5224 5237 5250 5263 5276 5280 5302 I 3 4 5 6 8 Coy hefek = fiz) 
34 5315 5328 5340 5353 5366 5378 5391 5403 5416 5428 uo B A Se ee ts LOM LE 
35 5441 5453 5465 5478 5490 5502 5514 5527 5539 5551 we A SOM Cy UG ua 

| 
36 5563 5575 | 5587 5599 SO1Ir 5623 5635 5647 5658 5670 254 fo 2g Gh of) SEE 
37 5082 5694 5705 STL 5729 5740 5752 5763 5775 5786 Tee 2s Su SON Ce oy ae 
38 5798 5809 5821 5832 5843 5855 5866 5877 5888 589090 I 2 3 5 6 Gh 8 ae LO 
39 59Ir | 5922 | 5933 5944 5955 5966 5977 5988 5999 6010 iY Le al 8 9 10 
40 6021 6031 | 6042 6053 6064 6075 6085 6096 6107 6117 I 2 3 4 5 6 8 9 10 
Al 6128 6138 6149 6160 6170 6180 6191 6201 6212 6222 I 2 5 4 5 6 | 8 9 
42 6232 6243 6253 6263 6274 6284 6204 6304 6314 6325 I g 3 4 5 6 7 8 9 
43 6335 6345 6355 6365 6375 6385 6395 6405 6415 6425 Top 2s Aa Seo) ys of) 
44 6435 6444 6454 6464 6474 6484 6493 6503 6513 6522 ih 3 8 Am See 6 Le BS 
45 6532 6542 6551 6561 6571 6580 6590 6509 6609 6618 I 2 3 4 5 6 7 8 9 
46 6628 6637 6646 6656 6665 6675 6684 6603 6702 6712 I 2 3 4 5 6 f y 8 
47 6721 6730 6739 6749 6758 6767 6776 6785 6794 6803 Tae ZS 8 af M3 
48 6812 6821 6830 68390 6848 6857 6866 6875 6884 6803 I 2 3 4 4 5 6 yi 8 
AQ 6902 6011 6920 60928 6037 6046 6055 6064 6972 6081 I 2 3 aa 5 6 Or 8 
50 6990 69098 7007 7016 7024 7033 7042 7050 7059 7067 I 2 3 3 4 5 6 7 8 
51 7076 7084 7003 7101 7110 7118 7126 7135 7143 7152 op 227 83 SoA eS) mF eae nS 
52 7160 7168 GILT T 7185 7193 7202 7210 7218 7226 7235 Tee 27 2 ge 2 SG On Rian 
53 7243 7251 7259 7207 7275 7284 7202 7300 7308 7316 I 2 2 3 4 5 6 6 be 
54 7324 7332 7340 7348 7356 7364 7372 7380 7388 7396 oer 8 wo OS GQ Gr 4 
55 7404 7412 7419 7427 7435 7443 7451 7450 7406 7474 ay ee he ES Se Ome 7 
56 7482 7490 7497 7505 7513 7520 7528 7536 7543 7551 I 2 2 alae AS Bi OL 7; 
57 7559 7506 7574 7582 7589 7597 | 7604 7612 7619 7627 Ue 9} Se On 
58 7634 7642 7649 76057 7664 7672 7679 7686 7694 7701 ry ele yy 2 Seeger Foes % 
59 7709 7716 7723 7731 7738 7745 7752 7760 7767 1774 hie uP See Si Oma 
60 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846 I a2 3 Ay) a4 S56) =.6 
61 7853 7860 7868 7875 7882 7880 7806 7903 7910 7917 Cy tle See 5) OG 
62 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987 wo 8 Sree 4A Bie OO 
63 7993 8000 8907 8014 ° 8021 8028 8035 8041 8048 8055 I I a 4 fe) 4 4 5 6 
64 8062 8069 8075 8082 80890 8006 8102 8109 8116 8122 I I 2 3 3 4 5 5 6 
65 8120 8136 8142 8149 8156 8162 8160 8176 8182 8180 I I 2 a 3 4 5 5 6 


436 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 
TABLE 2.—Locaritams— (Continued) 

o I 2 3 4 5 6 7 8 9 im ee 8 Ae 5 eo) wih 2 2 
66 8105 8202 8200 8215 8222 8228 8235 8241 8248 8254 I I D 3 3 4 5 5 6 
67 8261 8267 8274 8280 8287 8203 8200 8306 8312 8319 I I 2 3 a 4 5 5 ; 
68 8325 8331 8338 8344 8351 8357 8363 8370 8376 8382 Tn con? 3m 3) ae: 4 5 % 
690 8388 8305 8401 8407 8414 8420 8426 8432 8439 8445 I I 2 2 3 4 4 4 
70 8451 8457 8463 8470 8476 8482 8488 8404 8500 8506 I I 2 2 3 4 4 5 6 
71 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567 ieee 2) 2 35 34 Aen Sg eS 
72 8573 8579 8585 8501 8507 8603 8609 8615 8621 8627 I Te. 2 Des EA fee ES AS, 
73 8633 86390 8645 8651 8657 8663 8669 8675 8681 8686 I I 2 2 3 4 4 5 5 
74 86902 8608 8704 8710 8716 8722 8727 8733 8739 8745 ie I 2 2 3 4 4 5 5 
75 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802 I £ 2 2 3 zs 4 5 5 
76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8850 I I 2 2 2 3 4 5 5 
77 8865 8871 8876 8882 8887 8803 88090 8904 8910 8015 I I 2 2 3 3 4 4 5 
78 8021 8927 80932 8938 8043 89049 89054 8960 8965 8071 I I 2 2 Zi 3 4 4 5 
79 8976 80982 8987 8903 89908 9004 9009 QOIS 9020 9025 I I 2 2 3 3 4 4 5 
80 9031 9036 9042 9047 9053 9058 9063 9069 9074 9079 ta ka 2 2 Be Ase 
81 9085 9090 9096 QIoL 9106 QII2 OII7 Q122 9128 9133 I I 2 2 3 3 4 4 5 
82 9338 9143 9149 9154 9159 9165 9170 9175 9180 9186 I T 2 y) S 3 4 4 5 
83 9I9OI 9196 9201 9206 9212 9217 9222 9227 9232 9238 I I 2 Z 3 3 4 4 5 
84 9243 9248 9253 9258 9263 9269 9274 9279 9284 9280 I I 2 2a oe eS pe 3} 
85 9294 9299 9304 9309 9315 9320 9325 9330 9335 9340 By ty eZ eo Ara 
86 9345 9350 9355 9360 9365 9370 9375 9380 9385 9390 1G eS A Aes 
87 9395 9400 9405 9410 9415 9420 9425 9430 9435 9440 io) I I 2 2 3) 3 4 4 
88 9445 9450 9455 9460 9465 9469 9474 9479 9484 9489 Of rt phe MARE ae 3) AMEE 
89 9494 94909 9504 9509 9513 9518 9523 9528 9533 9538 ° I I 2 2 3 3 4 4 
90 9542 9547 9552 9557 9562 9566 9571 9576 9581 9586 OR oer 22 23 3 4 4 
or 9590 9595 9600 9605 9609 9614 9619 9624 9628 0633 to) I I 2 23) Ceo Ht 
92 9638 9643 9647 9652 0657 9661 9666 9671 9675 9680 OF) #1 See 22 3 3 nee es 
93 9685 9689 9694 9699 9703 9708 9713 7717 9722 9727 Of ere Re, FB Zee 
94 O7FST 9736 9741 9745 9750 9754 9759 9763 9768 9773 (0) z I 2 2 3 3 4 4 
95 9777 9782 9786 9791 9795 9800 9805 9809 9814 9818 One I 22 eS ey eh A! 
oC 9823 9827 9832 9836 9841 9845 9850 9854 9859 9863 GO i A De 30 EAM 
97 9868 9872 9877 9881 9886 9890 9804 9899 9903 9908 Hm 202 3 Une 
os ooN2 9917 9921 9926 9930 9934 9939 9943 9948 9952 Tis as ry OR 1g) Be vi oh 
99 9956 9961 9965 9969 9974 9978 9983 9987 9991 9996 One 22 eS RB ft 


The supplementary table at the right is used in the same manner as with the previous table. 
logarithms 4749, Opposite 47 and under 4 read 2979 andin the same line under 9 read 6 which added to 2979 gives 2985, the natural number required. 


TABLE 3.—ANTILOGARITHMS 


Thus to find the natural number corresponding to 


the 


I 2 3 4 5 6 7 9. Tp 2 es Aw este 0 he ek 
.00 1000 1002 1005 1007 1009 1012 IOI4 1016 IOIQ 1021 to) Ce) I I I I 2 2 2 
.OL 1023 1026 1028 I030 1033 1035 1038 IO040 1042 1045 (0) fo) I I I I 2 2 2 
02 1047 1050 1052 1054 1057 1059 1062 1064 1067 1069 co) (o) I I I I 2 2 2, 
03 1072 1074 1076 1079 1o8r 1084 1086 1089 IOOI 10904 (0) (0) I I I I Zz 2) 2 
.O4 10096 1099 I102 II04 II07 I109 LYL2 III4 ELT Il1I9 fo) I I I I 2 2 2 2 
.05 PUSS I1I25 1127 I130 I132 II35 1138 II40 I143 I146 ° iT I I I 2 2 2 2 
06 I148 II51 II53 TeESO: II59 II61 1164 1167 I169 10UD) fo) I it I a7 2 2 2 2 
.07 EL7S 1178 1180 1183 1186 1189 I1OL T1904 1197 I199 (0) I I I I 2 2 2 2 
08 1202 1205 1208 I2I1I 1213 1216 I219 1222 1225 1227 Oo I I I I Z 2 2 3 
-09 1230 1233 1236 1239 1242 I245 1247 1250 1253 1256 to) I I I I 2 2; 2 3 
.10 1259 1262 1265 1268 T27% 1274 1276 1279 1282 1285 to) I I I I 2 2 2 2 
Pe a 1288 1201 1294 1207 1300 1303 1306 1309 1312 ISES (0) I I I 2 2 2 2 3 
-12 1318 1321 1324 ES 277, 1330 1334 1337 1340 1343 1346 fo) I rE I 2. 2 2 Z, 3 
<3 1349 1352 1355 1358 1361 1365 1368 137 1374 1377, (0) I I I 2 2 2 3 33 
-I4 1380 1384 1387 I390 1393 1396 1400 1403 1406 1409 (0) I hi I 2 2 2 3 3 
-1I5 1413 T416 I419 I422 1426 1429 1432 1435 1439 1442 (0) ae I I 2 2 2 3 3 
.16 1445 1449 1452 1455 1459 1462 1466 1469 1472 1476 (0) E I I 2 2 Z 3 3 
-17 1479 1483 1486+ 1489 1493 14096 1500 1503 1507 I510 (0) ig I I 2 2 2 3 3 
-18 I5S14 I517 1521 1524 1528 1531 1535 1538 1542 1545 {o} ag i I 2 2 2 3 3 
+19 1549 1552 1556 1560 1563 1567 1570 1574 1578 I581 fo) I I a 2 2 3 3 3 
-20 1585 1589 1592 1506 1600 1603 1607 I6O1IL 1614 1618 fo) I I I 2 2 3 ie aS 
oat 1622 1626 1629 1633 1637 1641 1644 1648 1652 1656 (0) 4 I 2 2 Z 2) 3 2 
22 1660 1663 1667 1671 1675 1679 1683 1687 1690 1694 Ne a Ee OR 
-23 1698 1702 1706 1710 1714 1718 1722 1726 1730 1734 o +t I 2 2 2 Ch ee 
-24 1738 1742 1746 1750 1754 1758 1762 1766 1770 1774 Oe Ie We DP weecy 1 Al 
+25 1778 | 1782 1786 1791 1795 1799 1803 1807 1811 1816 oO I I 2 2 2 3 3 4 
.26 1820 1824 1828 1832 1837 1841 1845 1849 1854 1858 fe) I ng 2 ee 3 3 3 4 
.27 1826 1866 1871 1875 1879 1884 1888 18092 1897 IQOL (o) ug I 2 2: 3 3 3 4 
-28 1905 1910 1914 1919 1923 1928 1932 1936 IQ4I 1945 Co) I I 2 2 3 3 Aa 
-29 1950 1954 1959 1963 1968 | 1072 1977 1982 1986 I9QI (0) I Ir 2 2 3 3 4 4 


MATHEMATICAL TABLES 437 
TABLE 3.—ANTILOGARITHMS— (Continued) 

w u 2 3 4 5 6 7 8 9 ear 3 A B® i 

-30 1905 2000 2004 2000 2014 2018 2023 2028 2032 2037 (yn I 2 ies 3 Asa 
ARE 2042 2046 2051 2056 2061 2065 2070 2075 2080 2084 (0) I I 2 2 3 3 4 4 
732 2089 2004 2009 2104 2100 2113 2118 2123 2128 2133 (e) I I 2 2 3 i} 4 4 
33 2138 2143 2148 2153 2158 2163 2168 2173 2178 2183 {e) I I 2 2 3 3 4 64 
34 2188 2103 210908 2203 2208 2213 2218 2223 2228 2234 I I 2 2 3 3 4 4 5 
+35 2239 2244 2249 2254 2250 2265 2270 2275 2280 2286 I I 2 2 3 3 4 4 5 
-36 2201 2206 2301 2307 2312 2307 2323 2328 2333 2339 x I 2 2 3 3 4 4 5 
-37 2344 2350 2355 2360 2366 2371 2377 2382 2388 2393 I I 2 2 3 s 4 a, °S 
238 2399 2404 2410 2415 2421 2427 2432 2438 2443 2449 I I 2 2 3 23 4 4 5 
+39 2455 2460 2466 2472 2477 2483 2480 2405 2500 2506 a eee re 2 3008 A 
+40 2512 2518 2523 2520 2535 2541 2547 2553 2559 2564, I I 2 Si ith Acne 5s meee 
+41 2570 2576 2582 2588 2594 2600 2606 2612 2618 2624 I I 2 2 3 4 4 5 5 
~A2 2630 2636 2642 2640 2655 2661 2667 2673 2679 2685 if I 2 2 oars 4 5 6 
+43 2602 2608 2704 2710 2716 2723 2729 2735 2742 2748 I I 2 3 3 4 4 5 6 
+44 2754 2761 2767 2773 2780 2786 2793 2790 2805 2812 I I 2 3 ig) 4 4 5 6 
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MATHEMATICAL TABLES 
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4 | .oo11 850.436 || 01862 | 53-7086 || 03600 | 27.7117 |] 05357 | 18.6656 | 56 4 | .07110 | 14.0655 || 08306 | 11.2789 |} .10628 | 9.40904 || .12307 | 8.00674 
5 | 00145} 687.549 || .o180r | 52.8821 |} .03638 | 27.4800 || .05387 | 18.5645 | 55 5 | .07139 | 14.0079 || .o8805 | 11.2417 || .10657 | 9.38307 || .12426 | 8.04756 
6 | .c0r75 | 572.057 || 01920 | 52.0807 || .03067 | 27.2715 || .05416 | 18.4645 | 54 © | .07168 | 13.9507 || .o8925 | 11.2048 || .10687 | 9.35724 || .12456 | 8.02848 
7} 00204] 401.106 01049 | 51.3032 || .03006 | 27.0560 || .o5445 | 18.3055 | 53 4 | .07197 | 13-8040 || .08954 | 11.1084 + |] .10716 | 9.33154 || .12485 | 8.00948 
8 | 00233 | 420.718 || .01978 | 50-5485 || 03725 | 26-8450 || .05474 | 18.2677 | 52 8 | .07227 | 13.8378 || 08083 | 11.1316 || .10746 | 9.30590 || .12515 | 7.99058 
Q | .00262 |} 381.971 || .02007 | 49.8157 || .03754 | 26.6367 |] .o5503 | 18.1708 | 51 9 | .07256 | 13.7821 || .ogor3 | 11.0954 || .10775 | 9.28058 || .12544 | 7.97176 
IO | 00201 | 343-774 || .02036 | 49.10g9 || 03783 | 26.4316]! 05533 | 18.0750 | 50 Io | .07285 | 13.7267 || .09042 | 11.0594 || .10805 | 9.25530 || .12574 | 7.905302 
II | 00320] 312.521 02066 | 48.4121 || .03812 | 26.2206 || .o5562 | 17.9802] 40 Ir | .07314 | 13.6719 |] .og071 | 11.0237 -10834 | 9.23016 || .12603 | 7.93438 
12 | .00349 | 286.478 || .02005 | 47-7395 || 03842 | 26.0307 || .o550r | 17.8863 | 48 12 | .07344 | 13.6174 || .og1or | 10.9882 -10863 | 9.20516 || .12633 | 7.91582 
13 | 00378 | 264.441 |} .02124 | 47.0853 || 03871 | 25.8348 || .05620 | 17.7034 | 47 13 | .07373 | 13-5634 || .09130 | 10.9529 |] .10893 | 9.18028 || .12662 | 7.89734 
14 | 00407 | 245-552 || 02153 | 46.4480 || 03900 | 25.6418 || .05649 | 17.7015 | 46 14 | 07402 | 13.5008 || .o9159 | 10.9178 || .10922 | 9.15554 || -12692 | 7.87805 
Is | 00436] 229.182 || 02182 | 45-8204 || 03920 | 25-4517 || .05678 | 17.6106 | 45 || 15 | 07431 | 13-4506 || 09189 | 10.8829 || .10952 | 9.13003 || .12722 | 7.86064 
16 | .0o465 214.858 02211 | 45.2261 || .03058 | 25.2644 || .05708 | 17-5205 | 44 16 | .07461 | 13.4039 || .09218 | 10.8483 -I0Q8I | 9.10646 |} 12751 | 7.84242 
I7 | .00405 202.219 .02240 | 44.6386 |] .03987 | 25.0708 || .05737 | 17-4314 | 43 17 | .07490 | 13.3515 || 09247 | 10.8139 -I10Ir | 9.08211 || .12781 | 7.82428 
18 | .00524 190.984 02269 | 44.0061 || .04016 | 24.8978 || .05766 | 17.3432 | 42 18 | .07519 | 13-2996 || .09277 | 10.7707 -11040 | 9.05789 |} .12810 | 7.80622 
IQ | .00553 | 180.932 |] 02208 | 43.5081 || .04046 | 24.7185 || 057095 | 17-2558 | 41 19 | .07548 | 13.2480 || .09306 | 10.7457 || .11070 | 9.03379 || .12840 | 7.78825 
20 | .00582 | 171.885 || 02328 | 42.9641 || .04075 | 24.5418 || 05824 | 17.1603 | 40 || 20 | .07578 | 13.1969 || .09335 | 10-7119 ||. 11099 | 9.00983 || .12869 | 7.77035 
21 | .co6ir 163.700 |) .02357 | 42.4335 || .04104 | 24.3675 || .05854 | 17.0837 | 30 21 | .07607 | 13.1461 || .09365 | 10.6783 .11128 | 8.98508 || .12800 | 7.75254 
22 | 00640 | 156.2590 386 | 41.9158 || 04133 | 24.1057 || .05883 | 16.9090 | 38 || 22 | .07636 | 13.0958 || .09304 | 10.6450 |] .r1158 | 8.96227 |] .12920 | 7.73480 
23 | 00669 | 140.465 || 02415 | 41-4106 || .04162 | 24.0263 || .oso12 | 16.9150 | 37 23 | .07665 | 13.0458 || .09423 | 10.6118 || .11187 | 8.93867 || .12058 | 7.71715 
24 | 00608 | 143.237 || 02444 | 40.9174 || .o4ror | 23.8593 || .o5041 | 16.8319 | 36 || 24 | .07695 | 12-9962 |} .09453 | 10.5789 || .11217 | 8.91520 || .12988 | 7.69957 
25 | .0072 137-507 02473 | 40.4358 || .04220 | 23.6945 || .05970 | 16.7496 | 35 25 | .07724 | 12.9469 || .09482 | 10.5462 -11246 | 8.89185 || .13017 | 7.68208 
26 } 00756 | 132.219 || .02502 | 39.9655 || 04250 | 23.5321 || .05000 | 16.6681 | 34 || 26 | .07753 | 12.8081 || .og511 | 10.5136 || .11276 | 8.86862 || .13047 | 7.66466 
27 | 00785 | 227.321 || 02531 | 30-5050 || 04279 | 23-3718 || .o6029 | 16.5874 | 33 27 | .07782 | 12.8406 || .o9541 | 10.4813 || .11305 | 8.84551 || .13076 | 7.64732 
28 | 00814 122.774 || 02560 | 30.0568 || .04308 | 23.2137 || .06058 | 16.5075 | 32 28 | .07812 | 12.8014 || .09570 } 10.4491 -11335 | 8.82252 || .13106 | 7.63005 
29 | .00844 118.540 .02589 | 38.6177 || .04337 | 23.0577 || .06087 | 16.4283 | 31 29 | .07841 | 12.7536 || .cg600 | 10.4172 -11364 | 8.79064 |] .13136 | 7.61287 
30 | .00873 | 114-589 || 02619 | 38-1885 |} .04366 | 22.9038 || .06116 | 16.3499 | 30 || 30 | .07870 | 12.7062 || .o9620 | 10.3854 || .11304 | 8.776809 |] .13165 | 7.50575 
31 | .cogo2 | 10.892 || .02648 | 37.7686 || .04305 | 22-7519 || .o6145 | 16.2722 | 29 || 31 | .07809 | 12.6501 || .09658 | 10.3538 || .11423 | 8.75425 || 131905 | 7.57872 
32 | .0093x | 107-426 || ©2677 | 37.3579 || 04424 | 22.6020 || .06175 | 16.1952 | 28 32 | .07929 | 12.6124 || .09688 | 10.3224 || .11452 | 8.73172 || .13224 | 7.56176 
33 | .c0960 | 104.171 || 02706 | 36.9560 || .04454 | 22.4541 || .06204 | 16.1190 | 27 33 | ©7958 | 12.5660 || .09717 | 10.2913 -11482 | 8.70931 || .13254 | 7.54487 
34 | .c0989 | 01.107 || .02735 | 36.5627 || .04483 | 22.3081 || .06233 | 16.0435 | 26 34 | .07987 | 12.5199 || .09746 | 10.2602 11511 | 8.68701 || .13284 | 7.52806 
35 | .o1018 98.2179 || .02764 | 36.1776 || .04512 | 22.1640 || .06262 | 15.0687 | 25 35 | 8017 | 12.4742 |] .09776 | 10.2204 -I1541 | 8.66482 || .13313 | 7.51132 
36 | .o1047 95-4895 || .02793 | 35.8006 || .04541 | 22.0217 || .o6291 | 15.8045 | 24 36 | .08046 | 12.4288 || .o9805 | 10.1988 -I1570 | 8.64275 || .13343 | 7-49465 
37 | .01076 92.9085 || .02822 | 35.4313 || 04570 | 21.8813 || 06321 | 15.8211 | 23 37 | 08075 | 12.3838 || .09834 | 10.1683 -I16c0 | 8.62078 || .13372 | 7.47806 
38 | .o1105 90.4633 || 02851 | 35-0695 || 04500 | 21-7426 || .06350 | 15.7483 | 22 38 | 08104 | 12.3390 || .09864 | 10.1381 || .r11629 | 8.59803 || .13402 | 7.46154 
39 | .o1135 88.1436 || .o2881 | 34.7151 || .04628 | 21.6056 || .063709 | 15.6762 | 21 39 | .08134 | 12.2946 || .09893 | 10.1080 -11659 | 8.57718 || .13432 | 7.44500 
40 | .o1164 85.9308 || .o2910 | 34.3678 || .04658 | 21.4704 || .06408 | 15.6048 | 20 4o | 08163 | 12.2505 || .09923 | 10.0780 -11688 | 8.55555 || .13461 | 7.42871 
4i | .OTI93 83.8435 || .02030 | 34.0273 || .04687 | 21.3360 || .06437 | 15-5340] 19 || 41 | 08102 | 12.2067 || .o99s2 | 10.0483 || .11718 | 8.53402 || .13401 | 7.41240 
42 | 01222 81.8470 |! .02068 | 33.6035 || 04716 | 21.2049 || .06467 | 15.4638 | 18 42 | .08221 | 12.1632 || .og98r | 10.0187 -11747 | 8.51250 || -13521 | 7.39616 
43 | 01251 79-0434 || .02007 | 33-3062 || .04745 | 21.0747 || .06496 | 15.3043 | 17 43 | 08251 | 12.1201 |] 10011 | 9.98931 || .11777 | 8.49128 |] .13550 | 7.379009 
44 | .01280 48.1263 || .03026 | 33.0452 || .04774 | 20.9460 || .06525 | 15-3254 | 16 || 44 | .08280 | 12.0772 || 10040 | 9.96007 || .11806 | 8.47007 || .13580 | 7.36380 
45 | 01300 76.3900 || .03055 | 32-7303 || .04803 | 20.8188 || .06554 | 15.2571 | 15 45 | .08309 | 12.0346 || .10069 | 9.93101 |} .11836 | 8.44806 || .13609 | 7.34786 
46 | .01338 74.7202 || .03084 | 32.4213 || .04832 | 20.6932 || .06584 | 15-1893 | 14 46 | .08330 | 11.9023 || .10090 9-g02It || .11865 | 8.42795 || .13630 | 7.33190 
47 | .01367 73.1300 || .03114 | 32.1181 || .04862 | 20.5691 || .06613 | 15.1222 | 13 47 | .08368 | 11.9504 || .10128 9.87338 || .r11895 | 8.40705 || .13660 | 7.31600 
48 | .01306 71.6151 || .03143 | 31-8205 || .0480r | 20.4465 || .06642 | 15.0557] 12 || 48 | .08307 | 11.9087 || 10158 | 9.84482 |! .11924 | 8.38625 |} .13608 | 7.30018 
49 | 01425 70.1533 || .03172 | 31-5284 || .04920 | 20.3253 || 06671 | 14.9898] 11 || 49 | .08427 | 11.8673 || .10187 | 9.81641 || .r1954 | 8.36555 || 13728 | 7.28442 
50 | .01455 68.7501 || .03201 | 31.2416 || .04949 | 20.2056 || .06700 | 14.9244 | IO 50 | .08456 | 11.8262 || .10216 9-78817 || .11983 | 8.34496 || .13758 | 7.26873 
51 | 01484 67.4019 || .03230 | 30.9599 || .04078 | 20.0872 || .06730 | 14.8506] 9 51 | .08485 | 11.7853 || .10246 9-76009 || .12013 | 8.32446 || .13787 | 7.25310 
§2 | .o1513 66.1055 || .03259 | 30-6833 || .05007 | 19.9702 || .06759 | 14.7954 8 52 | 08514 | 11.7448 || .10275 0.73217 || .12042 | 8.30406 || .13817 | 7.23754 
53 | 01542 64.8580 || .03288 | 30.4116 || .05037 | 19-8546 || .06788 | 14.7317 | 7 53 | .08544 | 11.7045 |] .10305 | 9.70441 || .12072 | 8.28376 || .13846 | 7.22204 
54 | .o1s71 63.6567 || .03317 | 30-1446 || .05006 | 19.7403 || .06817 | 14.6685} 6 54 | .08573 | 11.6645 |] .10334 | 9.67680 || .1210r | 8.26355 || .13876 | 7.2066r 
55 | .o1600 62.4002 || .03346 | 29.8823 || .osogs | 19.6273 || .06847 | 14.6059] 5 55 | .08602 | 11.6248 || .10363 | 9.64935 || .r2131 | 8.24345 || .13906 | 7.19125 
56 | .01620 61.3820 || .03376 | 29.6245 |] .05124 | 19-5156 || .06876 14.5438] 4 56 | .08632 | 11.5853 || .10303 9.62205 || .12160 | 8.22344 || .13035 | 7-17504 
57 | 01658 60.3058 || .03405 | 290.3711 || 05153 | 19.4051 || .o6905 | 14.4823] 3 57 | .o866r | 11.5461 || .10422 9.50490 || .12190 | 8.20352 || .13965 | 7.16071 
58 | 01687 50.2659 || .03434 | 20.1220 || .05182 | 19.2059 || .06034 | 14.4212 | 2 58 | .08690 | 11.5072 || .10452 | 9.56701 || .12219 | 8.18370 || .13005 | 7.14553 
59 | .or716 58.2612 || .03463 | 28.8771 || .05212 | 19.1879 |} .06963 14.3607 | 1 59 | .08720 | 11.4685 || .10481 | 9.54106 || .12249 | 8.16308 || .14024 | 7.13042 
60 | .01746 57.2900 || .03492 | 28.6363 || 05241 | 19.0811 || .06993 | 14.3007 | © 60 | .08749 | 11.4301 || .10510 | 9.51436 || .12278 | 8.14435 || .14054 | 7.11537 
’ |Co-TAN. Tan. |iCo-ran.! Tan. |/Co-ran.| Tan. ||Co-ran.| TAN i ’ |Co-ran.| Tan. |\Co-ran.! Tan. ||Co-ran.! Tan. ||Co-ran.| Tan. 
gg° 88° 87° 86° 85° 84° 83° 82° 
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TABLE 5.—NATURAL TRIGONOMETRIC FuNcTIONS—(Continued) : 

8° g° 10° 1 AE, 13° 14° 15° 

‘| Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-ran. || Tan. | Co-ran. | / » | Tan. , Co-ran.|| Tan. | Co-ran.|]| Tan. | Co-ran.|| Tan. | Co-Tan | ¢ 
—_ = A eres 
© | .14054 | 7.11537 || -15838 | 6.31375 || -17633 | 5.67128 || .19438 | 5.14455 | 60 o | .21256 | 4.70463 || .23087 | 4.33148 |] .24033 | 4.01078 || .26705 | 3.73205 | 60 
I | .14084 pipes zoe Sisto Ties 500185 ae ee 59 I | .21286 | 4.69791 || .23117 | 4-32573 || -24964 Soe wee Sighae 59 
2 | .14113 | 7.0854 -1589 +29007 || -17603 | 5.65205 || .1949 5-12862 | 5 2 | .21316 | 4.69121 || .23148 | 4.32001 || .249005 | 4-000. 220657 | 3-7233 5 
3 | -14143 | 7.07059 || .15928 | 6.27829 || .17723 | 5.64248 || .19529 | 5.12060 | 57 3 | .21347 | 4.68452 || .23170 | 4.31430 || -25026 | 3-99502 || .20888 | 3.71907 | 57 
4] -14173 | 7-05579 =t5038 e20585 BUS Se “19559 5-I1279 | 56 4 | .21377 | 4.67786 || .23209 | 4.30860 || .25056 | 3.99099 || .26920 ee 56 
5 | -14202 | 7.04105 |} .159. 254 -17783 | 5.62344 || -19589 | 5.10490 | 55 5 | .21408 | 4.67121 || .23240 | 4.30201 || -25087 | 3.98007 || .20051 | 3-7104 55 
6 | .14232 | 7.02637 || 16017 | 6.24321 || .17813 | 5.61307 || 19619 | 5.09704 | 54 6 | .21438 | 4.66458 || .23271 | 4.20724 |] -25118 | 3.98117 |] 26082 | 3.70616 | 54 
Z -14262 | 7.01174 || .16047 | 6.23160 || .17843 | 5.60452 || .19649 | 5.08021 | 53 7 | .21469 | 4.65797 || .23301 | 4-20159 || -25149 | 3-97627 || -27013 | 3-70188 | 53 
+14291 | 6.99718 || .16077 | 6.22003 |] .17873 | 5.59511 || -19680 | 5.08139 | 52 8 | .21490 | 4.65138 || .23332 | 4-285905 || .25180 | 3.97139 || -27044 | 3-69761 | 52 
9 | -1432I | 6.98268 |} .16107 | 6.20851 || .17903 | 5.58573 || -19710 | 5.07360 | 51 9 | .21529 | 4.64480 || .23363 | 4.28032 || .25211 | 3.90651 || -27076 | 3.60335 | 5x 
IO | -14351 | 6.96823 || -16137 | 6.19703 || .17933 | 5-57638 || -19740 | 5.06584 | 50 || 10 | .21560 | 4.63825 || .23303 | 4.27471 || -25242 | 3.96165 || .27107 | 3-68909 | 50 
I1 | .14381 | 6.95385 || 16167 | 6.18559 || .17963 | 5.56706 || -19770 | 5.05809 | 49 || x11 | .21590 | 4.63171 || .23424 | 4.26011 || .25273 | 3.95680 || .27138 | 3.68485 | 40 
12 | .14410 | 6.93952 || .16196 | 6.17419 || .17993 | 5.55777 || 19801 | 5.05037 | 48 || 12 | .21621 | 4.62518 || .23455 | 4.26352 || -25304 | 3.95196 || .27169 | 3.68061 | 48 
= ee G:92525 eee) ees i078 5-54851 ROSS 5.04267 | 47 13 21051 4.61868 || .23485 | 4.25795 || -25335 | 3-04713 || -27201 | 3.67638 | 47 
e ee Cee oe aoe ee 5-53927 see 5-03409 | 46 || 14 | .21682 | 4.61219 || 23516 | 4.25230 || .25306 | 3.04232 || .27232 | 3.67217 | 46 
a ze ae ; aoe 2 +14023 || -16053 | 5.53007 || .I9SQ0I | 5.02734 | 45 15 | .21712 | 4.60572 || .23547 | 4.24685 || .25307 | 3.03751 || -27203 | 3.66706 | 45 
*14529 | 6.8827 -1631 6.12899 || .18113 | 5.52090 |} .19921 | 5.019071 | 44 16 | .21743 | 4.59927 || .23578 | 4.24132 || -25428 | 3.93271 || -27204 | 3.66376 | 44 
a7 “T4559 e pe Oe oe ue as 5-51176 || .19952 | 5.01210 | 43 || 17 | .21773 | 4.50283 || .23608 | 4.23580 || .25459 | 3.02793 || -27320 | 3.65957 | 43 
. 45 aes 5475 || .1637 -10664 |} .18173 | 5.50264 |] 19982 | 5.00451 | 42 || 18 | .21804 | 4.58641 || .23630 | 4-23030 || -25400 | 3.92316 || -27357 | 3-65538 | 42 
19 SS se 6.84082 || .16405 | 6.09552 || .18203 | 5.40356 || .20012 | 4.c9695 | 41 19 | .21834 | 4.58001 || .23670 | 4.22481 || .2552I | 3.91839 || -27388 | 3-O5121 | 41 
20 cae eee ce Son Bee 5-48451 || .20042 | 4.98940 | 40 20 | .21864 | 4.57363 || .23700 | 4.21933 || -25552 | 3.91364 || -27419 | 3.64705 | 4o 
21 | .1407 81312 || .10465 | 6.07340 || .18263 | 5.47548 || .20073 | 4.98188 | 39 || 21 | .218 -56726 || .23731 | 4.21387 |] .2558 .908 27451 | 3.6428 9 
a2 Ge fiat eres) “16495 Gotee ae708 5-40648 || .20103 | 4.907438 | 38 22 Bie yan lee tls Fees eeeie Sone Hoes S acaey 33 
2 ee ee 5 4 wee ees ee pts as 4.906090 | 37 || 23 | .21956 | 4.55458 || .23703 | 4.20208 || .25645 | 3-80045 || -27513 | 3-6346r | 37 
eM Od pubes : ea 6. 4 ; : ee 5-44857 || -20164 | 4.95045 | 36 24 | .21986 | 4.54826 || .23823 | 4.19756 || -25676 | 3.80474 || -27545 | 3-63048 | 36 
2 2 ye eg : ae 5 ee 2 |} -18383 | 5.43966 || .20104 | 4.95201 | 35 25 | .22017 | 4.54106 || .23854 | 4.10215 || .25707 | 3.80004 || .27576 | 3.62636 | 35 
ze 148 : 6.744 3 aoa foes -18414 | 5.43077 || .20224 | 4.04460 | 34 || 26 | .22047 | 4.53508 || .23885 | 4.18675 || .25738 | 3.88536 || -27607 | 3.62224 | 34 
28 | asso | eoeass || ‘TO045 | 00707 || 18444 | 5.42102 || 20254 | 4.03721 | 33 || 27 | .22078 | 4.52041 || .23916 | 4.18137 |] .25769 | 3.88008 |] 27638 | 3.61814 | 33 
ae 2 i a 789 || - pay oe Se 5-41309 || .20285 | 4.929084 | 32 28 | .22108 | 4.52316 || .23046 | 4.17600 || .25800 | 3-8760r || .27670 | 3.61405 | 32 
3 DoE : A ° 39552 || -20345 | 4.9151 3° || 30 | .22169 | 4.51071 || .24008 | 4.16530 || .25862 | 3.86671 || .27732 | 3.60588 | 30 
rt ieee .6778 5 i 

ss eee Coke Ea ee oo eee mae ppb 29 31 | .22200 | 4.50451 || .24030 | 4.15007 || .25803 | 3-86208 || .27764 | 3.60181 | 20 
33 | -15034 | 6.65144 || -16824 | 5.04390 || 18624 | 3.36036 || .20436 rE ae Bel eee Be pies ey gence ey Be Spe 

.15004 | 6.63831 |) . ; é 33 Soe ED. Iliicaate eee tal ieeoe : ; : 
oe ess ae eee Here Soy Sacore 5 ee 26 || 34 | .22202 | 4.48600 || .24131 | 4.14405 || .25086 | 3.84824 |] .27858 | 3.58066 | 26 
36 | .15124 | 6.612109 || .16914 | 5.91235 18714 Se Sone ah kee 35 | 22922" | 447086 |) 24202 | 455877 || 20087 | 82 ioe ee 
37 | -15153 | 6.s992t || .16044 | s.oor9r || 18745 here eee Wb ag aa || 30 | 22883 | 447374 |i -24tOs| 4:25350 1) e008 [53 1008 | 2102 ee 
BB tasits Ineeceaay ll r6o74 | cored ones rou “ par a 444 | 23 37 | .22383 | 4.46764 || .24223 | 4.12825 || .26079 | 3-83449 |] -27052 | 3-57758 | 23 
39 | -15213 | 6.57330 || .17004 | 5.88114 || .18805 eee 33 2 é 8 eee pe 38 | 22414 | 4.40155 || «24254 | 4-2930% || 20110 | (532002 2s |e eee 
Ged aeaas | 6 becee exes, | 6.87686 ae 5-3 ae . ar 4.05013 | 21 39 | -22444 | 4.45548 || .24285 | 4.11778 || .26141 | 3.82537 || -28015 | 3.56057 | 21 
elses ler * 5 ° ae 5-3092 -206048 | 4.84300 | 20 4° | .22475 | 4.44942 || .24316 | 4.11256 || .26172 | 3.82083 || .28046 | 3.56557 | 20 
fe | ave | 6 $4305 | fop3 | $eeots | “aioe | $0050] 2058 | 8s5e2 | 28 |] az | 250g | esse | azar | soras | asses | 3 8n6ze | afer? | 56099 | 29 
Fer || eeeeenll ce : : : : : 42 | .22536 | 4.43735 || .24377 | 4.10216 || .26235 | 3.81177 || .28109 | 3.55761 | 1 
Oa Bae Beas nae eae aces Saeaee pe1s8 Aeris yy 43 | .22567 | 4.43134 || .24408 | 4.09699 || .26266 | 3.80726 || .28140 | 3.55364 | 17 
45 | 15301 | 6.49710 || .17183 | 5.81966 18086 tne eae Ae é 44 | .22507 | 4.42534 || .24439 | 4.09182 || .26207 | 3.80276 || .28172 | 3.54968 | 16 
40 | 15421 | 6.48456 || .17213 | 5.80953 || .t9016 | 5.25880 120830 Te i 45 | 22028 | 441030 | 24470) | 408080) 20s28 | 670827 ees ee 
47 | -x545t | 6.47206 || -17243 | $-70044 || 19046 | e.zcog8 || 2o8bc 4: 4 46 | .22658 | 4.41340 || .24501 | 4.08152 || .26350 | 3-79378 || .28234 | 3.54179 | 14 
48 | .15481 | 6.45061 || .17273 | 5-78038 || .10076 ne 208 I HES a Az | -22080 |'4-40745 || -24532 | 4.07639) 20300 | 3.70037 || 38207 sor ae 
49 | .r55rx | 6.44720 |] 17303 | 5.77036 || 19106 pe ve oe ae see 2 is 48 | .22719 | 4.40152 || .24562 | 4.07127 || .26421 | 3.78485 || .28207 | 3.53303 | 12 
50 | -15540 | 6.43484 || .17333 | 5.76037 || 19136 | 5.22566 Gabe reas fo Ik on [ete 4-39500 || 624503 | 4.000101] 20452.) 3378040 |) 20520 eee 
Be ea eae | sen lceeeaeWsotee 3 : 50 | .22781 | 4.38969 || .24624 | 4.06107 || .26483 | 3.77505 || .28360 | 3.52609 | I0 
52 | «15600 | 6.41026 || .17303 ar aay oe Biers ATOSSS 4 51 | .2281r | 4.3838t || .24655 | 4.055009 || .26515 | 3.77152 || 28301 | 3.52219 | 9 
53 | -15630 | 6.30804 |] .1742 60 : 4-759 52 | .22842 | 4.37793 || .24686 | 4.05002 || .26546 | 3.76709 || .28423 | 3.51820 | 8 

39904 7423 | 5-739 +19227 | 5.20107 || .21043 | 4.75210 Ti 8 
54 | -15660 | 6.38587 || .z 53 | .22872 | 4.37207 || .24717 | 4.04586 || .26577 | 3-76268 || .28454 | 3.51441 | 7 
385 7453 | 5-72074 || 19257 | 5.19293 || .21073 | 4.74534 | 6 

55 | -15689 | 6.37374 |] .17483 | 5.71002 || .19287 | 5.18480 21104 851 5 SA | 222003: | 430028 124747 | A.cd08 © 208 Fo. 1502 a a ee 
56 | .15719 | 6.36165 || -r7573 EES ERO We oes py pyeees 55 | «22034 | 4.36040 || .24778 | 4.03578 || .26639 | 3-75388 || .28517 | 3.50666 5 
57 | -15749 | 6.34961 || «17543 | 3.70037 || 19347 | $.26863 || 2tr64 eo oe 4 || 56 | .22064 | 4.35450 || -24800 | 4.03075 || .26670 | 3.74950 || .28540 | 3.50270 | 4 
58 | -15779 | 6.33761 || .17573 | 5.60064 || .19378 | 5.16058 2119s seas : 57 | 22005 '| 434879 || 24840 | 4-02574 )) 20798 | 3174512) 250g |e seo ieee 
59 | -15809 | 6.32566 || .17603 | 5.68094 || .19408 | 5.15256 || .2122 a 58 | -23020 | 4.3300 || .24871 | 4.02074 || 26733 | 3.74075 || 28012 | 3.49500 | 72 
60 | .15838 | 6.31375 || 17633 | 5.67128 || .19438 | 5.14455 Bike pation 5 59 | -23050;| 4-35725 || 24002 | 4.01576) 20704 | 4.75049) /) 25049 | ofoze ies 
—|——_ : : 4-70403 ns 23087 | 4.33148 || .24933 | 4.01078 || .26705 | 3-73205 || .28675 | 3.48741 ° 
Co-ran.! Tan. ||Co-Tan. : : 7 oa S| eS ee 
81° 0° BANeaeC argo an Mele ge: TAN. ‘ |Co-ran.! Tan. |/Co-ran.' Tan. |/Co-ran.! Tan. |/Co-ran.' Tan. | ¢ 

ibe 76° oe 74° 
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aS 20 ——s 
GS Le Ie Oe 20° 21° 22° 23 f 
’ | Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-ran.| ” ’ | Tan. | Co-ran.|| Tan. | Co-ran.|} Tan. | Co-ran.|| Tan. | Co-Tan. 
— |__| ——— ——__ i —_— \— i —— 
© | .286 -48741 |) .3057 -27085 || .32492 | 3.07768 || .34433 | 2.00421 | 60 36 2.74748 || .38386 | 2.60509 |] .40403 | 2.47500 || .42447 | 2.35585 | 60 
I a8i00 ES ao See -32524 | 3.07404 || .34405 | 2.900147 | 50 : a 2.744009 || .38420 | 2.60283 || .40436 | 2.47302 pees 2.35305 59 
2 | 28738 | 3.47977 || .30637 | 3.26406 || .32556 | 3.07160 |] .34408 ets 5 2 | 36463 | 2.74251 “38453 eH 40470 2.47095 oes a8%es 38 
3 | -28769 | 3.47506 || .30669 | 3.26067 || 32558 | 3.00857 || .345 al eee A oe |e vere | cael cece s wa66Ba\\| geeks 2.34825 | 56 
4 | 28800 | 3.47216 || .30700 | 3.25729 || .3262r | 3.06554 || .345 3 acon 5 4 | -365290 | 2.7375 “38520 -50 = “40538 pila a eee 
5 28832 3-46837 || .30732 | 3.25302 +32053 3.06252 ae aeeeee 5S 5 | -30562 | 2.73500 aeeae 2-593 A well: pee HAI Ire ie 
6 | .28864 | 3.46458 || .30764 | 3.25055 || .32685 | 3.05950 || 3462 2.88783 | 54 6 | -36505 | 2.73263 || .38587 ee 4 rs BORE JEROA & HERS ee 
7} .28805 | 3.46080 |} .30706 3-24710 || 32717 3-05049 se4002 2 oe 53 7 | .30028 | 2.73017 eee Se a ee ee ries 2 
8 | .28027 | 3.45703 || 30828 | 3.24383 || 32749 | 3.05349 || 34603 | 2.88240 | 52 8 | .3666x | 2.72771 || .38654 rgd eactla Doe oe pen eed 
Q | 28058 | 3.45327 || 30860 | 3.24049 |] .32782 | 3.05049 || 34726 | 2.87970 | 51 9 | 36694 | 2.72526 || .38687 | 2.58484 || .40707 | 2.45655 || .4 2-338 i 
10 | .28990 | 3.44951 || .3089r | 3.23714 || “32814 | 3.04749 || 34758 | 2.87700 | 50 10 | .36727 | 2.72281 || .38721 | 2.58261 || .40741 sss oe 33603 | 5 
A -44576 || .3002 -23381 || .32846 | 3.04450 |] 34701 | 2.87430 | 49 .36760 | 2.72036 || .38754 | 2.58038 || .40775 | 2.45246 || .42826 | 2.33505 | 40 
ra eae pene oe ee 32878 3-04152 34824 2.87161 | 48 o eeu ot 2.71702 || .38787 | 2.57815 aoeo ee Bey pee kl 48 
5 3 8 27 32 8 Fi « . +42 * 
13 | -29084 | 3.43820 || 30087 | 3.22715 “32911 | 3.03854 Stoo 2 oe 47 13 | -36826 | 2.71 548 ee 2 esa pee ee pete ee ” 
14 | -20016 | 3.43450 || .31019 | 3.22384 || -32043 | 3.03556 |] -34 59 2 a 24 4 14 | -36850 2.71505 “38854 oe oie Ne eal eee tee eet 
Bettas cise | ganze | Sacer | Sonnts | Saoce.| asecey | 25. || 28] “30008 | 2 2z002 || see | aezesp soos | seitass | ase, | ae7et 44 
I -29270 | 3-42713 || -31083 | 3.21722 || .. .0206 +3495 . I s Hi fi : 8 || -40¢ . . 
17 a0 IO | 3-42343 ns 115 3.21302 +33040 | 3.02667 || .34087 | 2.85822 | 43 17 | -36058 | 2.70577 || -38055 | 2-56707 || -40079 eae more poe oe 
IQ | .290274 | 3.41604 || .31178 3-20734 || 33104 3-02077 *35052 | 2.65200 | 41 Ig | -37024 | 2.70004 730022 “5! 4 3 z Ta lea snee6 5 
20 | .20305 | 3-41230 || .31210 | 3.20406 || .33136 | 3.01783 |} .35085 | 2.85023 | 4o 20 | -37057 | 2.69853 || -30055 Lies -41081 | 2.43422 || .4313 ne ms 4 
3 - c -20079 || .33160 | 3.01489 || .35117 | 2.84758 | 30 370 2.69612 || .39089 | 2.55827 || .41115 | 2.43220 || .43170 | 2.31641 | 30 
: meces aos ies ie ae tes 35150 | 2.84494 | 38 A ter 2.69371 Bae poe mines ago pees oe BS 
f I 33 8 2 x zs 2.4281 2 : 
errs store) | Sapece | ease | Sectes |) Sesse | Soatece | SE || 23 | 37552 | 2Spuse || -g0ns6 | 2 ssstol| arx8s | s-asSre | asaapi| acsays | ay 
oa] seg ete oo Stes Sree Hee I 35248 2.83702 | 35 oe ee 2.68053 +30223 | 2.54952 || .41251 | 2.42418 || .43308 | 2.30902 | 35 
ER econ Ree — 33 3° eee: 35281 2.83430 | 34 ae ae 2.68414 -39257 | 2-54734 || -41285 | 2.42218 || .43343 | 2.30718 | 34 
a oe 338670 se a EES rie 38 35314 2.83176 | 33 a ee 2.8175 -30290 | 2.54516 || .41319 | 2.42010 || .43378 | 2.30534 | 33 
: Het SG ; : 47 , ‘ 4 : 2.4181 -43412 | 2.30351 2 
28 | .29558 | 3-38317 || -31406 | 3.17804 || .33305 Seca 35340 2 e204 ee 28 | .37322 ari edl oe ee vee oe Deer oe s 
29 | .29590 | 3-37955 || -31408 | 3-1748r || 33427 | 2.90158 || 35379 abe 53 | 3 29 | -37355 | 2: Lee +3935 Be: a CSS OEE | eke ya Se 
30 | .29621 | 3.37504 || -31530 | 3-17150 || -33460 | 2.98868 || .35412 | 2.82391 | 30 30 | -37388 | 2.67462 || .39301 ae 5 +414 G A per) sen es 
723 3 -16838 || . 2 | 2.98580 || .35445 | 2.82130 | 20 1 | .37422 | 2.67225 || .30425 | 2.5364 -41455 | 2.4122 ' 7 
31 | -20653 | 3-37234 || .31562 | 3 25 17 ee Fee :35477 | 2.81870 | 28 25 3748s 2.66989 |] .30458 | 2.53432 || 41490 | 2.41025 || .43550 | 2.20619 | 28 
32 | .29685 | 3.30875 pate. 3 = en Wea Fy | REE n PE Fi Oe RE .37488 | 2.66752 || 30402 | 2-53217 || -41524 | 2.40827 || .43585 | 2.20437 | 27 
a sees ee eee x 33 as 2.07717 -35543 | 2.81350 | 26 2 +37521 | 2.66516 || .39526 | 2.53001 |} .41558 | 2.40629 || .43620 | 2.29254 | 26 
ie ee 60 ee 38 621 | 2.97430 || 35576 | 2.81091 | 25 35 | -37554 | 2-66281 |] .30550 | 2-52786 || .41592 | 2.40432 || .43654 | 2.20073 | 25 
35 | .29780 | 3.35800 “31090 | 3-1555 oS x peel ssece | 4208s, | 24 6 | -37588 | 2.66046 || .30503 | 2.52571 |] .41626 | 2.40235 || .43680 | 2.28801 | 24 
36 | .20811 | 3.35443 || -31722 | 3-15240 Bers 2 oo8ee eOrtae sales 3 Se 2.65811 || .39026 | 2.52357 |] .41660 | 2.40038 || .43724 | 2.28710 | 23 
oe) soo Sena vee See 18 am 73 35674 2.80316 | 22 33 137654 2.65576 || .39060 | 2.52142 |] .41604 | 2.30841 || .43758 | 2.28528 | 22 
Be | 20875 | 3-54732 || 317 ales i 3 3 2.5102 -41728 | 2.306 -43793 | 2.28348 | 21 
39 | .20006 | 3-34377 || -31818 | 3-14288 || .33751 | 2.06288 || .35707 | 2.80059 | 21 39 | -37687 | 2.65342 || -30604 51929 || .4 fe 3 30645 a were ay | 
40 | .29938 | 3-34023 |) -31850 | 3.13972 || -33783 | 2.96004 || .35740 | 2.79802 73 40 | -37720 erie Bae, ae as seve Aas ae 
ee a a eet one Nome eee (a8 Mo \ rier || esoae Il goto a ene are 2-39088 || 43807 | 2.27806 | 18 
42 | .3000 “333 : 72 ; 35838 | 2. 17 37820 | 2.64410 || .390829 | 2.51076 || .41865 | 2.38862 |] .43032 | 2.27626 | 17 
a es SR aan ea oe Bee 35872 28778 16 ye bees 5 cain -39862 | 2.50864 || .41800 accor -43906 pth i 
: Rees : : 7 ‘ : -44001 | 2.27267 | x 
3 : : +35904 | 2.78523 | 15 45 | -37887 | 2.63045 || -30806 | 2.50652 || .41033 | 2.38473 || -440 
45 | .30097 | 3.32264 |) .32010 | 3-12400 || .33945 | 2.94590 || «3 : i 41968 | 2.382 44036 | 2.27088 | 14 
46 30128 3-31914 || 32042 | 3.12087 "33978 PES ee pele a - oe ee eee one Uses Bey en Bg Bs 13 
Pe Sat s0S)|) 82074 | 312775 || SA . 8 || .36002 | 2.77761 | 12 8 | .37986 | 2.63252 || -30007 | 2.50018 || .42036 | 2.37801 || .44105 | 2.26730 | 12 
8 | .30192 | 3.31216 || 32106 | 3.11464 || .34043 | 2.03748 || . Le 4 376 44140 | 2.26552 | 11 
; ies 868 21 II153 || -34075 | 2.93468 || .36035 | 2.77507 | II 49 | -38020 | 2.63021 |] .40031 | 2.49807 || .42070 | 2.37607 || .4414 55 
oS ipa = 21 eed a s08at -34108 | 2.93189 |] .36068 | 2.77254 | 10 50 | .38053 | 2.62701 || .40065 | 2.40507 || -42105 | 2.37504 || .44175 | 2.26374 | 10 
50 | .30255 | 3-305 +3 610r | 2.77002 | 9 1 | .38086 | 2.62561 || .40008 | 2.49386 || .42139 | 2.37311 || .44210 | 2.26196] 9 
5r | .30287 | 3.30174 || -32203 | 3-10532 Cp goes er 2.76750 8 Be Bac 2.62332 || -40132 | 2.49177 || .42173 | 2.37118 || .44244 | 2.26018 | 8 
Be | -80929 |, 3-29829 Se ae oy eee 2.92354 -36167 | 2.76408 | 7 53 | -38153 | 2.62103 |] .40166 | 2.48067 |! .42207 | 2.36925 || .44279 | 2.25840 | 7 
53 | $0351 | 3.20483 oe : ie 34238 2.92076 || .36199 | 2.76247 | 6 54 | 38186 | 2.61874 || .40200 | 2.48758 || .42242 | 2.36733 || .44314 | 2.25663 | 6 
Be | 803840) 3-20139 || 32299 | 3- oe 134270 2.91799 || .360232 | 2.75996 | 5 55 | .38220 | 2.61646 || .40234 | 2.48540 || .42276 | 2.36541 || .44349 | 2.25486 | 5 
55 | 30414 | 3.28795 || .32331 ee "34303 | 2.01523 || 36205 | 2.75746 | 4 || 56] .38253 | 2.61418 || .40267 | 2.48340 || 42310 | 2.36340 || .44384 | 2.28300 | 4 
56 | .30446 | 3.28452 oe Soe paper Bore delg6soR| 2.78408 3 57 | -38286 | 2.611090 || .4o030r | 2.48132 || .42345 | 2.36158 || .44418 | 2.25132 3 
57 | .30478 | 3.28100 eae ae is CVE 2.90971 || .36331 | 2.75246 2 58 | .38320 | 2.60963 || .40335 | 2-47024 || -42370 | 2.35067 || .44453 | 2.24056 2 
58 | .30500 337707 ir oe ee FiheG \sGseat aioo7 I 59 | -38353 | 2.60736 || .40360 | 2.47716 || .42413 2.35776 +44488 saa I 
a Lely Se hA22 hs ; : ‘ : ‘ 42. 2. -44523 | 2.2 ° 
= oe ook .32492 | 3.07768 || -34433 | 2.90421 || .36307 | 2.74748 ne 60 | .38386 | 2.60509 || .40403 | 2.47500 || .42447 35585 || -44523 4604 | 0 
U 
\ -TAN. cle ’ |Co-ran.! Tan. |'Co-ran.! Tan. ||Co-ran.' Tan. ||Co-ran.! Tan. 
’ |Co-ran.! TAN. Pera, TAN. ||CO-TAN. 5 LAN Co a7 ee | C 89° - i 66° 
: 3° ae 71 
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TaBLE 5.—NATURAL TRIGONOMETRIC FuNcTions—(Continued) 
24° 25° 26° 27° | 28° 29° 30° 31° 
|) Tan. | Co-ran.|| Tan. | Co-ran. || Tan. | Co-Tan. |} Tan. | Co-Tan. Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-ran. || Tan. | Co-ran. 
o | .44523 | 2.24604 || .46631 | 2.14451 || .48773 | 2.05030 |] -50953 | 1.96261 | 60 o | .53171 | 1.88073 |} 55431 | 1.80405 |] 57735 | 1-73205 || 60086 | 1.66428 | 60 
1 | .44558 | 2.24428 || .46666 | 2.14288 || .48809 | 2.04879 50989 | 1.96120 | so 1 | .53208 | 1.87941 || -55469 | 1.80281 || .57774 | 1-73089 || .60126 | 1.66318 | 59 
2| .44503 | 2.24252 || .46702 | 2.14125 || .48845 | 2.04728 || .51026 | 1.95070 | 58 2 | .53246 | 1.87809 || .55507 | 1.80158 || .57813 | 1-72073 || 60165 | 1.66209 | 58 
3 | -44627 | 2.24077 || .46737 | 2.13963 || -48881 | 2.04577 || -51063 | 1-95838 | 57 3 | .53283 | 1.87677 || -55545 | 1.80034 || .57851 | 1.72857 || .60205 | 1.66099 | 57 
4 | -44062 | 2.230902 || .46772 | 2-13801 || .48917 | 2.04426 || .51099 1.95608 | 56 4 | -53320 | 1.87546 || .55583 | 1-79911 || 57890 | 1.72741 j| .60245 | 1.65990 | 56 
5 | .44607 | 2.23727 || -46808 | 2.13639 || -48953 | 2.04276 || .51136 | 1.05557 | 55 5 | .53358 | 1-87415 || .55621 | 1.79788 || -57929 | 1-72625 || 60254 | 1.65881 | 55 
6 | -44732 | 2.23553 || -46843 | 2.13477 || -48089 | 2.04125 || 51173 | 1.05417 | 54 6 | .53395 | 1.87283 || .55659 | 1-79665 || -57068 | 1.72500 || .60324 | 1.65772 | 54 
7 | .44767 | 2.23378 || .468709 | 2.13316 || -49026 | 2.03075 || -51200 | 1.05277 | 53 7 | 53432 | 1.87152 || .55607 | 1-70542 || .58007 | 1-72393 || .60364 | 1.05663 | 53 
8 | .44802 | 2.23204 || .46914 | 2.13154 || -49002 | 2.03825 || 51246 | 1.95137 | 52 8 | .53470 | 1.87021 || .55736 | 1.79419 || -58046 | 1.72278 ||} .60403 | 1.05534 | 52 
9 | -44837 | 2.23030 || .46050 | 2.12003 || -49008 | 2.03675 || .51283 | 1.94007 | 51 9 | -53507 | 1-86801 || .55774 | 1.79206 || -58085 | 1.72163 |} 60443 | 1.65445 | 5ST 
10 | .44872 | 2.22857 || .46985 | 2.12832 || .40134 | 2.03526 || .51319 | 1.94858 | 50 to | .53545 | 1.86760 || .55812 | 1.79174 || -58124 | 1.72047 || .60483 | 1.65337 | 50 
11 | .44907 | 2.22683 || .47021 | 2.12671 || .49170 | 2.03376 || .51356 | 1.94718 | 49 1x | .53582 | 1.86630 || .55850 | 1.79051 || .58162 | 1.71932 || .60522 | 1.65228 | 49 
12 | .44942 | 2.22510 || .47056 | 2.12511 || .49206 | 2.03227 || .51303 | 1.94579 | 48 12 | .53620 | 1.86499 || .55888 | 1.780209 || .58201 | 1.71817 || 60562 | 1.65120 | 48 
13 | .44077 | 2.22337 || 47092 | 2.12350 || .49242 | 2.03078 || .51430 | 1.04440 | 47 13 | «53657 | 1.86369 || .55926 | 1.78807 || .58240 | 1.71702 || 60602 | 1.65011 | 47 
14 | -45012 | 2.22164 || .47128 | 2.12190 || .49278 | 2.02929 |] -51467 | 1.94301 | 46 14 | .53604 | 1.86239 || .55064 | 1.78685 || .58279 | 1.71588 || 60642 | 1.64903 | 46 
15 | .45047 | 2.21902 || .47163 | 2.12030 || .49315 | 2.02780 || .51503 | 1.94162 | 45 15 | .53732 | 1.86109 || .56003 | 1.78563 || .58318 | 1.71473 || 60081 | 1.64705 | 45 
16 | .45082 | 2.218109 || .47199 | 2.11871 |] -49351 | 2-02631 || .51540 | 1.94023 | 44 16 | .53769 | 1.85979 || .56041 | 1.78441 |] .58357 | 1.71358 || .60721 | 1.64687 | 44 
17 | .45117 | 2.21647 || .47234 | 2.11711 || .49387 | 2-02483 |] 51577 | 1.93885 | 43 17 | .53807 | 1.85850 || .56079 | 1.78319 || .58306 | 1.71244 || .60761 | 1.64579 | 43 
18 | .45152 | 2.21475 || .47270 | 2.11552 || .49423 | 2.02335 || -51614 | 1.93746 | 42 18 | .53844 | 1.85720 || .56117 | 1.78108 || .58435 | 1.71129 || 60801 | 1.64471 | 42 
19 | .45187 | 2.21304 || .47305 | 2.11302 || .49450 | 2.02187 || -51651 | 1.93608 | 4r 19 | .53882 | 1.85501 || .56156 | 1.78077 || .58474 | I-710T5 || .60841 | 1.64363 | 41 
20 | .45222 | 2.21132 || .4734I | 2.11233 || -49495 | 2.02039 51688 | 1.93470 | 40 20 | .53920 | 1.85462 || .56194 | 1.77955 || -58513 | I-7090I |] -60881 | 1.64256 | 40 
21 | .45257 | 2.20061 || .47377 | 2.11075 || -49532 | 2.01801 || .51724 | 1.93332 | 39 2 | -53957 | 1.85333 || -56232 | 1-77834 || -58552 | 1.70787.|| .6og2t | 1.64148 | 39 
22 | .45292 | 2.20790 || .47412 | 2.10916 || .49568 | 2.01743 || -51761 | 1.931095 | 38 22 | .53005 | 1.85204 || .56270 | 1.77713 || -58591 | 1-70673 || .6o0960 | 1.64041 | 38 
23 | .45327 | 2.206109 || .47448 | 2.10758 || .49604 | 2.01506 || .51708 | 1.93057 | 37 23 | -54032 | 1.55075 || .56309 | 1.77592 || .58631 | 1.70560 || .61000 | 1.63934 | 37 
24 | .45362 | 2.20449 || .47483 | 2.10600 || .49640 | 2.01449 || -51835 | 1.92920 | 36 2 +54070 | 1.84946 || .56347 | 1.77471 || -58670 | 1.70446 || .61040 | 1.63826 | 36 
25 | -45397 | 2.20278 || .47519.| 2.10442 ||,.49677 | 2.01302 || .51872 | 1.92782 | 35 2 -54107 | 1.84818 || .56385 | 1.77351 || -58700 | 1.70332 || .61080 | 1.637190 | 35 
26 | .45432 | 2.20108 || .47555 | 2.10284 |] .49713 | 2.01155 || 51900 | 1.92645 | 34 26 | .54145 | 1.84689 || .56424 | 1.77230 || .58748 | 1.70219 || .61120 | 1.63612 | 34 
27 | -45467 | 2.19938 || -47500 | 2.10126 || .49749 | 2.01008 || .51046 | 1.92508 | 33 27 | 54183 | 1.84561 || .56462 | 1.77110 || .58787 | 1.70106 || .61160 | 1.63505 | 33 
28 | .45502 | 2.19769 || .47626 | 2.09969 || .49786 | 2.00862 || .51983 | 1.92371 | 32 28 | .54220 | 1.84433 || .56500 | 1.76990 || .58826 | 1.69992 || .61200 | 1.63398 | 32 
20 | -45537 | 2-19599 || -47662 | 2.00811 || .49822 | 2.00715 || .52020 | 1.92235 | 31 2 +54258 | 1.84305 || .56530 | 1.76869 || .58865 | 1.69879 || .61240 | 1.63202 | 31 
30 | -45573 | 2.19430 || .47698 | 2.09654 || .49858 | 2.00569 || .52057 | 1.92098 | 30 30 | .54206 | 1.84177 || .56577 | 1.76749 || 58904 | 1.69766 || .61280 | 1.63185 | 30 
31 | 45608 | 2.19261 || .47733 | 2.00498 || .49804 | 2.00423 || .52094 | 1.91962 | 209 3I | -54333 | 1.84049 || 56616 | 1.76630 || .58044 | 1.69653 || .61320 | 1.63079 | 29 
32 | -45643 | 2.19092 || .47760 | 2.090341 || .49931 | 2.00277 |} .52131 | 1.91826 | 28 32 | -54371 | 1.83922 || .56654 | 1.76510 || .58983 | 1.69541 || .61360 | 1.62972 | 28 
33 | -45678 | 2.18923 || .47805 | 2.09184 |] .49967 | 2.00131 || .52168 | 1.91690 | 27 33 | -544090 | 1.83704 || .56603 | 1.76390 || .59022 | 1.69428 |] .61400 | 1.62866 | 27 
34 | -45713 | 2.18755 || -47840 | 2.09028 || .50004 | 1.99986 || -52205 | 1.91554 | 20 34 | -54446 | 1.83667 || .56731 | 1.76271 || .59061 | 1.69316 || .61440 | 1.62760 | 26 
35 | -45748 | 2.18587 || .47876 | 2.08872 || .soogo | 1.90841 || 52242 | 1.91418 | 25 35 | -54484 | 1.83540 || .56760 | 1.76151 || .sorot | 1.69203 || .61480 | 1.62654 | 25 
36 | -45784 | 2.18410 || .47912 | 2.08716 || .50076 | 1.99695 || 52279 | 1.91282 | 2 36 | .54522 | 1.83413 || .56808 | 1°76032 || .sqr4o | 1.69091 || .61520 | 1.62548 | 24 
37 | -45819 | 2.18251 || .47948 | 2.08560 || .50113 | 1.99550 || -52316 | 1.91147 | 23 37 | -54560 | 1.83286 || .56846 | 1.75913 || .50179 | 1.68070 || .61561 | 1.62442 | 23 
38 | -45854 | 2.18084 |] .47084 | 2.08405 || .50149 | 1.99406 || .52353 | 1.91012 | 22 38 | .54507 | 1.83159 || .56885 | 1.75704 || .59218 | 1.68866 || .61601 1.62336 | 22 
30 | -45889 | 2.17916 || .48019 | 2.08250 || .50185 | 1.99261 || -52390 | 1.90876 | 21 39 | -54035 | 1.83033 || .56923 | 1-75675 || -59258 | 1.68754 || .61641 | 1.62230 | 21 
40 | -45924 | 2.17749 || .48055 | 2.08094 || .50222 | 1.99116 || .52427 | 1.90741 | 20 40 | .54673 | 1.82906 || .56962 | 1.75556 || .59207 | 1.68643 || .61681 1.62125 20 
41 | -45960 | 2.17582 || .48091 | 2.07939 || -50258 | 1.98072 || .52464 | 1.90607 | 19 || 4x | .54711 | 1.82780 || .57000 | I. 6 68 
42 | .45005 | 2.17416 || .48127 | 2.07785 || .50295 | 1.98828 || .52501 | 1.90472 | 18 42 | .54748 | 1.82654 a eee ees ieee ee ee 8 
43 | -46030 | 2.17249 || .48163 | 2.07630 || .50331 | 1.98684 || .52538 | 1.90337 | 17 43 | -54786 | 1.82528 || .57078 | 1.75200 || .5s9415 | 1.68308 || .61801 1.61808 17 
44 | -46065 | 2.17083 || .48198 | 2.07476 || .50368 | 1.98540 || .52575 | 1-90203 | 16 44 | .54824 | 1.82402 |] .57116 | 1.75082 || .59454 | 1.68196 |] .61842 1.61703 16 
45 | -46101 | 2.16917 || .48234 | 2.07321 || .50404 | 1.98396 || .52613 | 1.90069 | 15 45 | -54862 | 1.82276 |] .57155 | 1.74064 59404 1.68085 61882 1.61598 I5 
46 | .46136 | 2.16751 || .48270 | 2.07167 || .50441 | 1.98253 || .52650 | 1.89935 | 14 40 | .54900 | 1.82150 || .57103 | 1.74846 || .59533 | 1-67974 || .61922 1.61403 14 
47 | -46171 | 2.16585 || .48306 | 2.07014 || .50477 | 1.98110 || .52687 | 1.89801 | 13 47 | -54938 | 1.82025 || .57232 | 1.74728 || .59573 | 1-67863 || .61962 1.61388 13 
48 | .46206 | 2.16420 || .48342 | 2.06860 || .sos14 | 1.97066 || .52724 | 1.80667 | 12 48 | .54075 | 1.81809 || .57271 | 1-74610 || .59612 | 1.67752 || .62003 | 1.61283 | 12 
49 | -46242 | 2.16255 || .48378 | 2.06706 || .50550 | 1.97823 || .52761 | 1.89533 | II 49 | .55013 | 1.81774 |] .57300 | 1-74402 || .50651 | 1.67641 {62043 1.61170 II 
50 | -46277 | 2.16090 || .48414 | 2.06553 || .50587 | 1.97680 || .52798 | 1.89400 | I0 50 | .55051 | 1.81649 || .57348 | 1.74375 || .59601 | 1.67530 || .62083 1.61074 Io 
51 | .46312 | 2.150925 || .48450 | 2.06400 || .50623 | 1.97538 || .52836 | 1.89266 9 rt | .5508 1.8 57386 
52 | .46348 | 2.15760 || .48486 | 2.06247 || .50660 | 1.97395 || .52873 | 1.80133 | 8 a ae reas oie es eae BO ae toes 3 
53 | -46383 | 2.15506 || .48521 | 2.06094 || .50696 | 1.97253 || .52910 | 1.89000 | 7 53 | 55165 | 1.81274 || .87464 | 1.74022 || .59809 | 1.67108 || 62204 eae 
54 | -46418 | 2.15432 || .48557 | 2.05042 || .50733 | 1.97111 || .52047 | 1.88867 | 6 54 | .55203 | 1.81150 |] 57503 | 1.73005 || .50840 | 1.67088 (62248 1.60057 é 
55 | -46454 | 2.15268 || .48503 | 2.05790 || .50769 | 1.96969 || .52084 | 1.88734 |] 5 55 | 55241 | 1.81025 || .s754r | 1.73788 || .59888 | 1.66078 || 62285 | 1.60 
a oe 2.15104 “oe pert so pO) 53022 | 1.88602 | 4 || 56 | .55279 | 1.80901 || .57580 | 1.73671 || .59928 | 1.66867 || 62325 nen 2 
-4652 2.14940 || .48665 | 2.05485 || .50843 | 1.96685 || .53059 | 1.88469 | 3 57 | .55317 | 1.80777 || .576r I “5006 66 (6236 : 
58 | .46560 | 2.14777 || 48701 | 2.05333 || -50879 | 1.96544 || .53006 | 1.88337 | 2 || 58 ; ee eee bP aneee Weer | aecene | cece ee 
. 5 is +55355 | 1.80653 || .57657 | 1.73438 || .60007 | 1.66647 || .62406 6 
59 | -46505 | 2.14614 || .48737 | 2.05182 || .sog16 | 1.96402 || .53134 | 1.88205 I se ae 2 
3 : 59 | -55393 | 1.80520 || .57606 | 1.73321 || 60046 | 1.66538 || .62446 | 1.601 I 
Go | .46631 | 2.14451 || .48773 | 2.05030 || .50953 | 1.96261 aera 1.88073 Le 60 | .55431 | 1.80405 |] .57735 | 1.73205 || .60086 | 1.66428 || 62487 = Goons ° 
’ \Co-ran.! Tan. -TAN. Z = ox \ al 
ee Co pee Co Se Co-TAN. AS ‘ Co-ran.' Tan. ||Co-Tan.! Tan. ||Co-ran.| Tan. |\Co-ran.| Tan. 
6 62 61° 60° 59° 58° 


32° 
’ | Tan. | Co-TAn. 
© | .62487 | 1.60033 
1 | .62527 | 1.50030 
2 | .62568 | 1.59826 
3 | 62608 | 1.50723 
4 | -62649 | 1.50620 
~ 5 | -62689 | 1.59517 
6 | 62730 | 1.50414 
9 | .62770 | 1.59311 
8 | .6281r | 1.59208 
9 | .62852 | 1.50105 
Io | .62892 | 1.59002 
11 | .62933 | 1.58000 
12 | .62973 | 1.58707 
13 | .63014 | 1.58695 
14 | 63055 | 1.58503 
15 | .63005 | 1.58490 
16 | .63136 | 1.58388 
17 | .63177 | 1.58286 
18 | .63217 | 1.58184 
Ig | -63258 | 1.58083 
20 | .63290 | 1.57081 
ar | 63340 | 1.57879 | 
22 | .63380 | 1.57778 
23 | .6342r | 1.57676 | 
24 | -63462 | 1.57575 
25 | -63503 | 1-57474 
26 | .63544 | 1.57372 
27 | 63584 | 1.57272 
28 | .63625 | 1.57170} 
29 | .63666 | 1.57069 
30 | .63707 | 1-56G60 
31 | 63748 | 1.56868 
32 | 63789 | 1.50767 
33 | 63830 | 1.56667 
34 | -63371 | 1.56566 
35 | -63012 | 1.56406 
35 | .63053 } 1.56366 
37 | 63004 | 1.56265 
38 | .64035 | 1-50165 
30 | 64076 | 1.56065 
40 | .64117 | 1.55066 
41 | .64158 | 1.55866 
2 | 64199 | 1.55766 
43 | -64240 | 1.55666 
44 | 64281 | 1.55567 
45 | -64322 | 1.55467 
46 | .64363 | 1.55368 | 
7 | -64404 | 1.55269 
48 | .64446 | 1.5517¢ 
49 | 64487 | 1.55071 
50 | .64528 | 1.54072 
51 | 64560 | 1.54873 
§2 | 64610 | 1.54774 
53 | -64652 | 1.54675 
54 | 64603 | 1.54576 
55 | 64734 | 1.54478 
56 | .64775 | 1-54379 | 
57 | 64817 | 1.54281 
58 | .64858 | 1.54183 
50 | 64809 | 1.54085 
60 | .64941 | 1.53086 
is =. : pt ane 
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TABLE 5.—NATURAL TRIGONOMETRIC FuNctrions—(Continued) 


33° 34° 3oe 
Tan. | Co-Tan. |] Tan. ] Co-ran. | Tan. | Co-ran. 
64041 | 1.53086 || .67451 | 1.48256 || .7oo2r | 1.42815 
64082 | 1.53888 || .67403 | 1.48163 || .70064 | 1.42726 
65023 | 1-53791 || .67536 | 1.48070 || .7o107 | 1.42638 
65065 | 1.53693 || 67578 | 1.47077 || -7or5r | 1.42550 
65106 | 1.53505 || 67620 | 1.47885 || .7o194 | 1.42462 
65148 | 1.53497 || 67663 | 1.47702 || -70238 } 1.42374 
65180 | 1.53400 || .67705 | 1.47609 || .7o28r | 1.42286 
65231 | 1.53302 || .67748 | 1.47607 || .70325 | 1.42108 
*65272 | 1.53205 || .67790 | 1.47514 || .70368 | 1.42110 
65314 | 1.53107 || .67832 | 1.47422 || .70412 | 1.42022 
65355 | 1-53010 || .67875 | 1.47330 || -70455 | 1.41034 
65307 | 1.52013 || 67017 | 1.47238 || «70490 | 1.41847 
65438 | 1.52816 || .67060 | 1.47146 || .70542 | 1.41759 
65480 | 1.52719 || 68002 | 1.47053 || -70586 | 1.41672 
65521 | 1.52622 || .68045 | 1.46062 || .70629 | 1.41584 
65563 | 1-52525 || .68088 | 1.46870 || .70673 | 1.41407 
65604 | 1.52429 || .68130 | 1.46778 || .70717 | 1.41409 
65646 | 1.52332 || .68173 | 1.46686 || .70760 | 1.41322 
65688 | 1.52235 || 08215 | 1.46595 || .70804 | 1.41235 
-65720 | I-52139 || .68258 | 1.46503 || .70848 | 1.41148 
-65771 | 1-52043 || .6830r | 1.46411 || .7o891 | 1.41061 
-65813 | 1.51046 || .68343 | 1.46320 || .70035 | 1.40074 
-65854 | 1-51850 || .68386 | 1.46229 || .70979 | 1.40887 
-65896 | 1.51754 || .68429 } 1.46137 || .71023 | 1.40800 
-65938 | 1.51658 || .68471 | 1.46046 || .71066 | 1.40714 
-65980 | 1.51562 || .68514 | 1.45055 || -71110 | 1.40627 
.66021 | 1.51466 || .68557 | 1.45864 || .71154 | 1.40540 
-66063 | 1.51370 || .68600 | 1.45773 || -71198 | 1.40454 
-66105 | 1.51275 || .68642 | 1.45682 || .71242 | 1.40367 
66147 | 1.51179 || .68685 | 1.455092 || .71285 | 1.40281 
66189 | 1.51084 || .68728 | 1.45501 || .71320 | 1.40195 
66230 | 1.50088 || .68771 | 1.45410 || .71373 | 1.40100 
.66272 | 1.50893 || .68814 | 1.45320 || .71417 | 1.40022 
-66314 | 1.50797 || .68857 | 1.45220 || .71461 | 1.30036 
-66356 | 1.50702 || .68900 | 1.45130 || .71505 | 1.39850 
66308 | 1.50607 || .68942 | 1.45049 || -71549 | 1.39764 
-66440 | 1.50512 || .68085 | 1.44058 || -71503 | 1-30079 
.66482 | 1.50417 ||} .69028 | 1.44868 || .71637 | 1.30503 
-66524 | 1.50322 || .69071 | 1.44778 || .71681 | 1.39507 
66566 | 1.50228 || .69114 | 1.44688 || .71725 | 1.39421 
-66608 | 1.50133 || .69157 | 1.44508 || -71769 | 1.390336 
66650 | 1.50038 || .69200 |} 1.44508 || .71813 | 1.309250 
“66692 | 1.49044 || 69243 | 1.44418 || -71857 | 1.39165 
-66734 | 1.49849 || .69286 | 1.44329 || -71901 | 1.30079 
6677 1-49755 || .69329 | 1.442309 || -71946 | 1.38904 
66818 | 1.49661 || .69372 | 1.44149 || -71990 | 1.38900 
66860 | 1.49566 || .69416 | 1.44060 || -72034 | 1.38824 
66902 | 1.49472 || .69459 | 1.43970 || -72078 | 1.38738 
66944 | 1.49378 || 69502 | 1.43881 || .72122 | 1.38653 
66986 | 1.49284 || .69545 | 1.43792 || -72166 | 1.38568 
67028 | 1.49190 || .69588 | 1.43703 || -72211 | 1.38484 
67071 | 1.49097 || .69631 | 1.43614 || -72255 | 1.38300 
67113 | 1.49003 || .69675 | 1.43525 || -72200 | 1-38314 
67155 | 1.48909 || .69718 | 1.43436 || -72344 | 1.38229 
671907 | 1.48816 || .69761 | 1.43347 || -72388 | 1.38145 
67230 | 1.48722 || .69804 | 1.43258 || .72432 | 1.38060 
67282 | 1.486209 || .69847 | 1.43160 || -72477 | 1.37976 
67324 | 1.48536 |; 69801 | 1.43080 || .72521 | 1.37801 
67366 | 1.48442 || .69934 | 1.42092 || .72565 | 1.37807 
67409 | 1.48340 || .60077 | 1.42903 || -72610 | 1.37722 
67451 | 1.48256 || .7o021 | 1.42815 || .72654 | 1.37638 
Co-ran.! Tan. ||Co-ran.' Tan. |\Co-ran.! Tan. 
56° Bee il 4° 


36° 37° 38° 39° 
se ’ | Tan. | Co-ran.|| Tan. | Co-ran.|| Tan. | Co-TAn.|| Tan. | Co-Tan. 
| aa 
6o o | .72654 | 1.37638 || .75355 | 1.32704 || .78129 | 1.27994 || .80978 | 1.23490 
590 1 | .72609 | 1.37554 || -75401. | 1.32624 || .78175 | 1.27917 || 81027 | 1.23416 
58 2 | .72743 | 1.37470 || .75447 | 1.32544 || -78222 | 1.27841 || 81075 | 1.23343 
57 3 | .72788 | 1.37386 || .75402 | 1.32404 || .78269 | 1.27764 || .81123 | 1.23270 
56 4 | -72832 | 1.37302 || .75538 | 1.32384 || .78316 | 1.27688 || .81171 | 1.23196 
55 | 5 | .72877 | 1.37218 |] .75584 | 1.32304 || -78363 | 1.27611 || 81220 | 1.23123 
54 6 | .72921 | 1.37134 || -75629 | 1.32224 || .78410 | 1.27535 || .81268 | 1.23050 
53 4 | .72966 | 1.37050 || .75675 | 1.32144 || -78457 | 1-27458 || .81316 | 1.22077 
52 8 | .73010 | 1.36067 || .75721 | 1.32064 || .78504 | 1.27382 || .81364 | 1.22904 
51 9 | -73055 | 1.36883 || .75767 | 1.31984 || -78551 | 1.27306 || 81413 | 1.22831 
50 ro | .73100 | 1.36800 || .75812 | 1.31904 || -78598 | 1.27230 || 81461 | 1.22758 
49 rz | .73144 | 1.36716 || .75858 | 1.31825 |! .78645 | 1.27153 || 81510 | 1.22685 
48 12 | .7318y | 1.36633 || -75904 | 1.31745 || -78602 | 1.27077 || 81558 | 1.22612 
47 13 | -73234 | 1-36540 || -75950 | 1.31666 || .78739 | 1.27001 || .81606 | 1.22539 
46 14 | .73278 | 1.36466 || .75906 | 1.31586 || .78786 | 1.26925 || .81655 | 1.22467 
45 15 | .73323 | 1-36383 || .76042 | 1.31507 || .78834 | 1.26849 || .81703 | 1.22304 
44 16 | .73368 | 1.36300 || .76088 | 1.31427 || -78881 | 1.26774 || 81752 | 1.22321 
43 17 | -73413 | 1.36217 || .76134 | 1.31348 || -78928 | 1.26608 || .81800 | 1.22249 
42 18 | .73457 | 1.36133 || .76180 | 1.31269 || .78975 | 1.26622 || 81849 | 1.22176 
41 19 | .73502 | 1.36051 || .76226 | 1.31190 || .79022 | 1.26546 || .81808 | 1.22104 
4° 20 | .73547 | 1.35968 || .76272 | 1.31110 || .79070 | 1.26471 || .81946 | 1.22031 
39 2t | .73592 | 1.35885 || .76318 | 1.31031 || .79117 | 1.26395 ||} 81005 | 1.219050 
38 22 | .73037 | 1.35802 || .76364 | 1.30952 || .79164 | 1.26319 || .82044 | 1.21886 
37 23 | -736081 | 1.35719 || .76410 | 1.30873 || -79212 | 1.26244 || .820092 | 1.21814 
36 2 -73726 | 1.35637 || -76456 | 1.30795 || -79250 | 1.26169 || .S2r4r | 1.21742 
35 25 | .73771 | 1.35554 || .76502 | 1.30716 || .79306 | 1.26093 || 82190 | 1.21670 
34 26 | .73816 | 1.35472 | .76548 | 1.30637 || .79354 | 1-26018 || .82238 | 1.21508 
33 27 | .73861 | 1.353809 || .76594 | 1.30558 || -79401 | 1.25043 || 82287 | 1.21526 
32 28 | .73906 | 1.35307 || -76640 | 1.30480 || .79440 | 1.25867 || .82336 | 1.21454 
3r 29 | -73951 | 1.35224 || .76686 | 1.30401 |] -79406 | 1.257092 || .82385 | 1.21382 
30 30 | -73996 | 1.35142 || -76733 | 1.30323 || -79544 | 1-25717 || 82434 | 1.21310 
29 31 | .74041 | 1.35060 || .76779 | 1.30244 || .7o501 | 1.25642 || 82483 | 1.21238 
28 32 | -74086 | 1.34078 || .76825 | 1.30166 || .79639 | 1.25567 || 82531 | 1.21166 
27 33 | -74131 | 1.34806 || .76871 | 1.30087 |] .79686 | 1.25492 || 82580 | 1.210904 
26 34 | -74176 | 1.34814 || .76918 | 1.30009 |] .79734 | 1.25417 || 82629 | 1.21023 
25 35 | -74221 | 1.34732 || -76004 | 1.20931 |] -79781 | 1.25343 || 82678 | 1.20951 
24 36 | .74267 | 1.34650 || .77010 | 1.29853 || -79820 | 1.25268 || .82727 | 1.20879 
23 37 | .74312 | 1.34568 || "77057 | 1.20775 || -70877 | 1.25103 || .82776 | 1.20808 
22 38 | -74357 | 1.34487 || .77103 | 1.29696 || .70024 | 1.25118 || 82825 | 1.20736 
21 39 | -74402 | 1.34405 || .77140 | 1.20618 || .79072 | 1.25044 |; 82874 | 1.20065 
20 40 | -74447 | 1.34323 || -77190 | 1.29541 |} .80020 | 1.24969 || .829023 | 1.20593 
19 41 | -74492 | 1.34242 || .77242 | 1.29463 |] 80067 | 1.24805 || .82972 | 1.20522 
18 42 | .74538 | 1.34160 || .77289 | 1.29385 |} 80115 | 1.24820 || .83022 | 1.20451 
17 43 | -74583 | 1.34070 || -77335 | 1.20307 || 80163 | 1.24746 || 83071 | 1.20379 
16 44 | -74628 | 1.33008 || -77382 | 1.20220 || 80211 | 1.24672 || .83120 | 1.20308 
15 45 | -74674 | 1.33016 || .77428 | 1.29152 || .80258 | 1.24507 || 83169 | 1.20237 
14 46 | -74719 | 1.33835 || -77475 | 1.20074 || 80306 | 1.24523 || .83218 | 1.20166 
13 47 | -74764 | 1.33754 || -77521 | 1.28097 || -80354 | 1.24449 || 83268 | 1.20095 
12 48 | .74810 | 1.33673 || -77568 | 1.28019 || 80402 | 1.24375 || .83317 | 1-20024 
Ir 49 | .74855 | 1.33502 || -77615 | 1.28842 || 80450 | 1.24301 |] .83366 | 1.19053 
10 50 | .74900 | 1.33511 || .77661 | 1.28764 || 80498 | 1.24227 || .83415 | 1.19882 
9 51 | .74946 | 1.33430 |] -77708 | 1.28687 || .80546 | 1.24153 || .83465 | 1.19811 
8 52 | .74001 | 1.33340 || -77754 | 1.28610 |] 80504 | 1.240709 || 83514 | 1-19740 
im 53 | -75037 | 1.33268 || .7780r | 1.28533 || 80642 | 1.24005 || .83564 | 1.19669 
6 54 | .75082 | 1.33187 || -77848 | 1.28456 || 80690 | 1.23931 || .83613 | 1.19500 
5 55 | .75128 | 1.33107 || -77805 | 1-28379 || 80738 | 1.23858 || 83662 | 1.19528 
4 56 | .75173 | 1.33026 || ..77041 | 1.28302 || .80786 | 1.23784 || .83712 | 1-19457 
3 57 | .75219 | 1.32046 || .77088 | 1.28225 || .80834 | 1.23710 || .83761 | 1.19387 
2 58 | .75264 | 1.32865 || .78035 | 1.28148 || 80882 | 1.23637 || 83811 | 1.19316 
I 59 | .75310 | 1.32785 || .78082 | 1.28071 || .80930 | 1.23563 || .83860 | 1.19246 
° 60 | .75355 | 1.32704 || .78129 | 1.27994 || 80978 | 1.23490 |} .83910 | 1.19175 
i ’ |Co-ran.! Tan. |[Co-ran.| Tan. ||Co-ran.! Tan. ||Co-ran.| Tan 
53° 52° 51° | 50° 
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HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 
TABLE 5.—NATURAL TRIGONOMETRIC FuNcTIONS—(Continued) ‘ 
40° 41° 42° 43° 44° 44° 44° 

Tan. | Co-ran.|| Tan. | Co-tan.|| Tan. | Co-Tan.|| Tan. | Co-ran. | / | Tan. | Go-ran. | 7 La DANE CO-LANT INS f TAN Co-ran. | ’ 
83910 | 1-19175 || -86929 | 1.15037 || .90040 I.11061 || .93252 | 1.07237 | 60 © | .96569 | 1.03553 | 60 || 21 | .97756 | 1.02295 | 30 || 41 -98901 | I.O1I12 | 19 
83060 | 1.19105 || .86980 | 1.14969 || .90093 | 1-10996 || .93306 | 1.07174 | 59 1 | .96625 | 1.03493 | 59 || 22 | .07813 | 1.02236 | 38 || 42 | .98058 | 1.01053 | 18 
84009 | 1.19035 || -87031 | 1-14902 || .90146 | 1.10931 || .93360 | 1.07112 | 58 2| .9668r | 1.03433 | 58 || 23 | .97870 | 1.02176 | 37 || 43 .99016 | 1.00994 | 17 
84059 | 1.18964 || .87082 | 1.14834 || 90199 | 1-10867 || .03415 | 1.07049 | 57 3 | .06738 | 1.03372 | 57 || 24 | -07027 | 1.02117 | 36 |] 44 | .99073 | 1.00935 | 16 
84108 | 1.18894 || -87133 | 1-14767 || 90251 | 1.10802 || .93469 | 1.06987 | 56 4| .96794 | 1.03312 | 56|| 25 | .97984 | 1.02057 | 35 |] 45 | -99131 | 1.00870 | 15 
84158 | 1.18824 || 87184 | 1-14699 || 90304 | I-10737 || -93524 | 1.06925 | 55 5 | .96850 | 1.03252 | 55 || 26 | .o804r | 1.01998 | 34 || 46 .99189 | 1.00818 | 14 
84208 | 1.18754 || 87236 | 1-14632 || .90357 | 1-10672 |) .93578 | 1.06862 | 54 6 | .96907 | 1.03192 | 54 || 27 | .980098 | 1.01939 | 33 || 47 -09247 | I.00759 | 13 
84258 | 1.18684 || .87287 | 1.14565 || .90410 | 1.10607 93633 | 1.06800 | 53 7 | .96963 } 1.03132 | 53 || 28 | -.o8155 | 1.01879 | 32 || 48 -99304 | I.0070I | 12 
84307 | 1.18614 || .87338 | 1-14408 || .90463 | 1-10543 || -03688 | 1.06738 | 52 8 | .97020 | 1.03072 | 52 || 29 | .98213 | 1.01820 | 31 || 40 .99362 | 1.00642 | Ir 
84357 | 1.18544 || 87380 | 1-14430 || .90516 | 1-10478 || .93742 | 1.06676 | 51 9 | .97076 | 1.03012 | 51 || 30 | .98270 | 1.01761 | 30 || 50 | -99420 | 1.00583 | 10 
84407 | 1.18474 || 87441 | 1.14363 || .90569 | 1-10414 || .03797 | 1.06613 | 50 10 | .97133 | 1.02952 | 5°]| 31 | 98327 | 1.01702 | 29 || 51 | .90478 | 1.00525 | 9 
84457 | 1.18404 || 87492 | 1.14206 || .90621 | 1.10349 || .93852 | 1.06551 | 40 I1 | .97189 | 1.02892 | 40 || 32 | .98384 | 1.01642 | 28 || 52 99536 | 1.00467 | 8 
84507 | 1.18334 || 87543 | 1-14220 || -90674 | 1.10285 || .93906 | 1.06489 | 48 12 | .97246 | 1.02832 | 48 || 33 | 08441 | 1.01583 | 27 || 53] -99504 | 1.00408 | 7 
84556 | 1.18264 || 87505 | 1-14162 || .00727 | 1.10220 || .93961 | 1.06427 | 47 13 | .97302 | 1.02772 | 47 || 34 | .98490 | 1.01524 | 26]] 54 -99052 | 1.00350 6 
84606 | 1.18194 || 87646 | 1.14005 || .90781 | 1.10156 || .94016 | 1.06365 | 46 14 | .97359 | 1.02713 | 46 || 35 | .98556 | 1.01465 | 25 || 55 -99710 | 1.00291 5 
84656 | 1.18125 || 87698 | 1.14028 || .90834 | I-Lo0gI |) .94071 | 1.06303 | 45 15 | -97416 | 1.02653 | 45 || 36 | .98613 | 1.01406 | 24 || 56 | .99768 | 1.00233] 4 
84706 | 1.18055 || 87749 | 1.13961 |] .90887 | 1.10027 || .94125 | 1.06241 | 44 16 | .97472 | 1.02593 | 44|| 37 | 98671 | 1.01347 | 23 || 57 | .90826 | 1.00175 | 3 
84756 | 1.17986 || 87801 | 1.13804 || .90940 | 1.09963 || .94180 | 1.06179 | 43 17 | .97529 | 1.02533 | 43 || 38 | .08728 | 1.01288 | 22 || 58 | .99884 | 1.00116] 2 
84806 | 1.17916 || .87852 | 1.13828 || .90993 | 1.098909 || .94235 | 1.06117 | 42 18 | .97586 | 1.02474 | 42 || 39 | -08786 | 1.01229 | 21 || 59 | .99942 | 1.00058 | 1 
.84856 | 1.17846 || 87904 | 1.13761 || -.91046 | 1.09834 || .04290 | 1.06056 | 41 19 | .97643 | 1.02414 | 41 || 4o | .98843 | 1.01170 | 20 || 60 | r I ° 
-84906 | 1.17777 || 87955 | 1-13694 || -91099 | 1.09770 || .04345 | 1.05904 | 4o 20 | .97700 | 1.02355 | 40 

*84956 | 1°17708 || .88007 | 1.13627 || .o1153 | 1.00706 || .94400 | 1.05932 a 
85006 | 1.17638 || 88059 | 1.13561 || .91206 | 1.09542 || .904455 Potts 3  1Co-Tan.! Tan. ‘11’ (Co-ran.! Tan, M 4 |\'Co-tAN. | -DANee ne 
85057 | 1.17569 || 88110 | 1.134094 || 91259 | 1.09578 || -94510 | 1.05809 | 37 45° 45° 2 

.85107 | 1.17500 || 88162 | 1.13428 || .91313 | 1.09514 || .04565 | 1.05747 | 36 

85157 | 1.17430 |} 88214 | 1.13361 || .91366 | 1.09450 || .94620 | 1.05685 | 35 

85207 | 1.17361 || 88265 | 1.13295 || -91419 | 1.09386 || .94676 | 1.05624 | 34 

85257 | 1.17202 || 88317 | 1.13228 || 91473 | 1-00322 || 04731 | 1.05562 | 33 

85307 | 1.17223 || 88369 | 1.13162 || .91526 | 1.09258 || .94786 | 1.05501 | 32 

85358 | 1.17154 || 88421 | 1.13096 |) .91580 | I-09195 || -94841 | 1.05430 | 31 

.85408 | 1.17085 |] .88473 | 1.13029 |} -91633 | 1.09131 || .94896 | 1.05378 | 30 

poise 1.17016 piper: a ees -91687 | 1.09067 |} .94952 | 1.05317 | 20 

85509 | 1.16947 || 8857 1.12897 || .91740 | 1.09003 || .95007 | 1.05255 | 28 

85559 | 1.16878 || .88628 | 1.12831 || .91794 | 1.08940 |] .95062 | 1.051094 | 27 NATURAL SINES AND COSINES 

85609 | 1.16809 || .88680 | 1.12765 || .91847 | 1.08876 || .95118 | 1.05133 | 26 

85660 | 1.16741 || .88732 | 1.12699 || -o1901 | 1.08813 || .95173 | 1.05072 | 25 

.85710 | 1.16672 || 88784 | 1.12633 || -.91955 | 1.08749 || .95229 | 1.05010 | 24 

85761 | 1.16603 || .88836 | 1.12567 || .92008 | 1.08686 || .95284 | 1.04049 | 23 0° 0° 0° 

85811 | 1.16535 || -88888 | 1.12501 || .92062 | 1.08622 || .95340 | 1.04888 | 22 ’ | Sine | Cosine | /” || ’ Sting | Cosine] / || ” S1NE_ | Cosine | ’ 
85862 | 1.16466 || 88940 | 1.12435 || .92116 | 1.08559 || .95305 | 1.04827 | 21 — | eee | ee 
85912 | 1.16398 || 88992 | 1.12369 || .92170 | 1.08496 || .95451 | 1.04766 | 20 oO | 00000 | I 60 || 2t | .c061r | .99998 | 30 || 41 | .o1103 | .09903 | 190 
85063 | 1.16329 || 80045 | 1.12303 |] .92224 | 1.08432 |] .95506 | 1.04705 | 19 I | .c0029 | I 59 || 22 | .c0640 | .99998 | 38 || 42 | .o1222 | .99093 | 18 
86014 | 1.16261 || 89097 | 1.12238 || .92277 | 1.08369 || .95562 | 1.04644 | 18 2 | 00058 | x 58 || 23 | .00669 | .99908 | 37 |] 43 | .o1251 | .o0002 | 17 
86064 | 1.16192 || 89149 | 1.12172 || .92331 | 1.08306 || .95618 | 1.04583 | 17 3 | 00087 | x 57 || 24 | .00698 | .99908 | 36 || 44 | .01280 | .o9002 | 16 
86115 | 1.16124 || 89201 | 1.12106 || .92385 | 1.08243 || .95673 | 1.04522 | 16 4 | .co116 | x 56 || 25 | .00727 | .99907 | 35 || 45 | .o1300 | -ogoor | 15 
86166 | 1.16056 || .89253 | 1.12041 || .92439 | 1.08179 || .95720 | 1.04461 | 15 5 | 00145 | I 55 || 26 | .00756 | .99097 | 34 || 46 | .01338 | .o9001 | 14 
86216 | 1.15987 || 89306 | 1.11975 || .92403 | 1.08116 || .95785 | 1.04401 | 14 6 | .co175 | x 54 || 27 | .00785 | .90907 | 33 || 47 | 01367 | .o9001 | 13 
-86267 | 1.15919 || -80358 | 1.11909 || -92547 | 1.08053 || .95841 | 1.04340 | 13 7 | 00204 | I 53 || 28 | .00814 | .99907 | 32 || 48 | .01396 | .o9090 | 12 
-86318 | 1.15851 || 809410 | 1.11844 |! .q2601 | 1.07990 || .958907 | 1.04279 | 12 8 | .00233 | x 52 || 29 | .00844 | .99996 | 31 || 40 | .01425 | .99090 | 11x 
86368 | 1.15783 || 89463 | 1.11778 || .92655 | 1.07927 || -o5952 | 1.04218 | 11 9 | .co262 | x 51 || 30 | .00873 | .99996 | 30 || 50 | .01454 | .99089 | 10 
-86419 | 1.15715 || 89515 | 1.11713 || .92709 | 1.07864 || .g6008 | 1.04158 | 10 FO GOCZOE AX 5° |] 31 | .cogo2 | .99996 | 20 |] 51 | .or483 | .o9080 | 9 
86470 | 1.15647 || 89567 | 1.11648 || .92763 | 1.07801 || .96064 | 1.04097 | 0 IT | .00320 | .99999 | 49 || 32 | .00931 | .99096 | 28 || 52 | .o1513 | .99980 | 8 
-8652I | 1-15579 || -89620 | 1.11582 || .92817 | 1.07738 || .o6120 | 1.04036 & 12 | .00349 99999 | 48 || 33 | .co960 | .99005 | 27 || 53 | .o1542 | .99088 7 
86572 | 1.15511 || .89672 | 1.11517 || .92872 | 1.07676 || .96176 | 1.03976 | 7 13 | .00378 | 99999 | 47 || 34 | .00089 | .99005 | 26 || 54 | .o1571 | .99088 | 6 
86623 | 1.15443 || 89725 | 1.11452 || .92926 | 1.07613 |} .96232 | 1.03015 6 14 | .00407 99999 | 46 |) 35 | .o1018 | .99995 | 25 || 55 | .01600 | .99087 5 
86674 | 1.15375 || 80777 | 1.11387 || .92080 | 1.07550 || .96288 | 1.03855 | 5 15 | .00436 99999 | 45 || 36 | .o1047 | .99005 | 24 || 56 | .o16290 | .99087 | 4 
86725 | 1.15308 || .89830 | 1.11321 || .93034 | 1.07487 || .06344 | 1.03704 | 4 16 | .00465 99999 | 44 || 37 | .01076 | .99004 | 23 || 57 | .01658 | .99086 | 3 
86776 | 1.15240 || .89883 | 1.11256 || .93088 | 1.07425 || .96400 | 1.03734 | 3 17 | 00495 99999 | 43 |] 38 | .o1105 | .99904 | 22 || 58 | .01687 | .99986 2 
86827 | 1.15172 || 89935 | 1.11191 || .93143 | 1.07362 || .06457 | 1.03674 2 18 | .00524 99999 | 42 || 39 | .01134 | .99004 | 21 || 59 | .01716 | .99085 I 
86878 | 1.15104 || .89988 | 1.11126 || .93197 | 1.07299 || .96513 | 1.03613 | 1 19 | .00553 -99998 | 41 || 40 | .o1164 | .99903 | 20 || 60 | .o1745 | .o9085 | o 
-86929 | 1.15037 || .goo40 | 1.11061 || .93252 | 1.07237 || .96569 | 1.03553 Q 20 | .00582 99908 | 40 
Co-ran.! Tan. ||Co-ran.! Tan. ||Co-ran.! Tan. ||Co-ran.| Tan. | ’ ’ |Cosivz| Swe | ” ||’ | Cosine! Sine | ’ || ’ | Co 2 

49° go 47° 46° ge 9° SINE Fr SINE 
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TABLE 5.—NATURAL TRIGONOMETRIC FunNcrions—(Continued) 


445 


a? 2° 3° i be 6° 7 | 8° 
’ | Sinz | Cosine || Stine | Cosine|| Srvz | Costner || Sine | Cosine | ’ * | Sine | Cosine || Sinz | Cosrne|| Srne | Costne|| Sinz | Cosine | , 
© | 01745 | .90085 || .03490 | .00930 || .05234 | .00863 || .06076 | .00756 | 60 o | .08716 | .99619 |} .10453 | .o9452 || .12187 | .99255 || .13917 | .99027 | 60 
I | .01774 | .90984 |} .03519 | .90038 || .05263 -99801 07005 | .00754 | So I | .08745 | .90617 || .10482 | .99449 || .12216 | .og251 -13946 | .99023 | 590 
2 | .o1803 | .99084 |} .03548 | .00037 || .05202 -99860 || .07034 | .00752 | 58 2 | .08774 | .99614 |] .10511 | .90446 || .12245 | .99248 || .13075 | .o9019 | 58 
3 | .01832 | .99083 |] .03577 | .90036 || .o5321 | .o0858 || .07063 | .00750 | 57 3 | .08803 | .99612 || .10540 | .90443 || .12274 | .09244 || .14004 | .o9015 | 57 
4 | .01862 | .99083 || .03606 | .90035 || .05350 -99857 || .o7092 | .99748 | 56 4 | .08831 | .99609 || .10569 | .99440 || .12302 | .90240 |} .14033 | .goorr | 56 
5 | .or8o1 90982 || .03635 | .99034 || .05370 :90855 -O7121 00746 | 55 5 | .08860 | .99607 10507 | -90437 || -12331 .99237 || .14061 | .99006 | 55 
6 | .o1920 | .99982 || .03604 | -90033 || 05408 | .90854 || .o7150 | .00744 | 54 6 | .08889 | .99604 |} .10626 | .09434 || .12360 | .09233 || .14090 | .o9002 | 54 
7 | 21049 | .9908r |} .03603 | .90032 |} .05437 | .00852 || .07179 | .00742 | 53 7 | .08918 | .99602 || .10655 | .90431 || .12389 | .99230 || .14119 | .98008 | 53 
8 | .01978 | .99980 |} .03723 | .90031 |} .05466 | .o085x |] .07208 | .oo740 | 52 8 | .08947 | .909509 || .10684 | .99428 || .12418 | .99226 || .14148 | .08904 | 52 
9 | .02007 | .99080 |] .03752 | .90030 || .05405 -90849 07237 | .00738 | 51 9 | .08976 | .99596 || .10713 | .99424 || .12447 | .99222 || .14177 | .98090 | 51 
IO | .02036 | .99979 || .03781 | -90029 || .05524 | .90847 || .07266 | .909736 | 50 Io | .ogoos5 | .99504 || .10742 | .9942I1 || .12476 | .99219 || -14205 | .98986 | 50 
Xr | .02065 | .99079 || .o3810 | .99027 05553 90846 |] .07205 | .00734 | 40 II | .09034 | .oosor || .10771 .90418 || .12504 | .99215 || .14234 -98082 49 
12 } .02094 | .90078 || .038390 | .90026 || .05582 | .90844 || .07324 | -00731 | 48 I2 | .09063 | .99588 || .10800 | .99415 || .12533 | -o9211 || .14263 | .989078 | 48 
13 | .02123 | .90077 || .03868 | .99025 || .o56rr | .99842 || .07353 | -99720 | 47 13 | .09092 | .09586 |} .10829 | .o0412 || .12562 | .99208 || .14202 | .98073 | 47 
I4 | .02152 00077 || .03807 | .90024 || .o5640 | .o984r || .07382 | .90727 | 46 14 | .ogr2r | .99583 || .10858 | .99409 || .12501 .99204 || -14320 | .98969 | 46 
15 | .o2181 99076 || .03026 | .90023 || .05669 | .90830 || .o7411 | .00725 | 45 I5 | .og1s50 | .99580 || .10887 | .99406 || .12620 | .99200 || .14349 | .98065 | 45 
16 | .o221r 90076 || .03055 | -90022 || .05608 | .00838 || .07440 | .00723 | 44 16 | .09179 | .99578 || .10916 | .99402 -12649 | .99197 || -14378 | .o8061 | 44 
17 | .02240 | .99975 || .03084 | -9002r || .05727 | .90836 || .07460 | .o9721 | 43 17 | .09208 | .09575 |} -t0945 | .99399 || -12678 | .99193 || .14407 | .08057 | 43 
18 | .02269 | .99074 |} .ogo13 | -o90T9 105756 -90834 || .07408 | .o0710 | 42 18 | .09237 | .09572 || .10073 | .99396 || -12706 | .o918Q || .14436 | .98953 | 42 
Ig | .02208 | .90074 |} .o4042 | .90018 || .05785 | .00833 || .07527 | .00716 | 4x IQ | .09206 | .99570 || .t1002 | .99393 || -12735 | -99186 || .14464 | .98948 | 41 
20 | .02327 | .90973 || 04071 | .99017 || .05814 | .99831 || .07556 | .90714 | 40 20 | .09295 | .99567 || .1103r | .99390 || .12764 | .99182 || .14493 | .98044 | 4o 
21 | .02356 | .99072 || .o4t00 | .g9016 || .05844 -99829 07585 | .90712 | 30 2I | .09324 | .99564 || .11060 | .99386 || .12793 | .99178 || .14522 | .98940 39 
22 | .02385 | .99972 || .04129 | .oogrS || -05873 99827 .07614 | .99710 | 38 22 | .00353 | -09562 || .11089 | .90383 || .12822 -99175 || -14551 | .98936 | 3 
23 | 02414 | .90971 |) .o4150 | .90013 || .o5902 | .99826 || .07643 | .99708 | 37 23 | 09382 | .99559 || .11118 | .99380 || .12851 | .oo17z || .14580 | .98931 | 3 zZ 
24 | .02443 | .ogo7o || .o4188 | .ooQ12 || .05031 90824 07672 | .99705 | 36 24 | .094II | .99556 || .11147 | .90377 || -12880 | .99167 || .14608 | .98027 | 3 
25 | .02472 | .90069 || .04217 | .oggIT |] .o5960 | .99822 || .07701 | .09703 | 35 25 | .09440 | .99553 || .11176 | .09374 || .12908 | .99163 || .14637 | .98023 | 35 
26 |} .o2501 -99069 || .04246 | .99Q910 |} .05080 -9982 I || .07730 | .00701 | 34 26 | .09469 | .99551 || .11205 | .99370 || -12937 | .99160 -14006 98019 | 34 
27 | .02530 | .99968 || .04275 | .99909 || .06018 | .99819 || .07750 | .99600 | 33 27 | .09498 | .90548 || .11234 | .99367 || -129066 | .o9156 || .14695 | -o8014 | 33 
28 | .02560 | .99067 || .04304 | .99007 || .06047 | .90817 || .07788 | .90606 | 32 28 | .09527 | .00545 || .11263 | .99364 || .12005 | .o9152 || .14723 | .o8o010 | 32 
29 | .02589 | .99966 || .04333 | .90906 || .06076 | .99815 || .07817 | .99604 | 31 29 | .09556 | .99542 || .11201 | -99360 |} .13024 | .99148 || .14752 | .980906 | 31 
30 | .02618 | .99966 || .04362 | .99905 || .06105 | .99813 || .07846 | .99692 | 30 30 | .09585 | .99540 || .11320 | .99357 || -13053 | -99144 || -14781 | .98902 | 30 
31 | .02647 | .99065 || .04301 | -90904 || .06134 | .o9812 || .07875 | .90689 | 290 31 | .09614 | .99537 || .11349 | .99354 |} .13081 | .oor4r a8 08807 20 
32 | .02676 | .990964 || .04420 | 99902 || .06163 | .99810 || .07904 | .99687 | 28 32 | .09642 | .99534 || .11378 | .09351 sI3IIO | .99137 ae Set 2 
33 102795 -99003 -044490 -QO90T 06192 99808 -07933 90685 27 33 09671 909531 -I11407 99347 -13139 99133 ee a ey wh 
34 | .02734 | .99963 || .04478 -99900 .06221 | .99806 || .07962 | .99683 | 26 34 | .09700 | .99528 || .11436 | .09344 |] -13168 | .99129 || .1480 ae 2 
35 | .02763 | .99962 || .04507 -90808 06250 -99804 || .o7991 | .99680 | 25 35 | .09729 | .99526 |] .11465 | .900341 oy -99125 || .14925 oe 25 
36 | .02702 | .99906t |} .04536 | -90807 || 06279 | .99803 || .o8020 | .99678 | 24 36 | .09758 | .99523 |] .11404 | .09337 || -1322 ote 74954 pat 24 
37 | .o2821 -90960 || .04565 -99806 .06308 | .99801 || 8049 | .99676 | 23 37 | .09787 | .99520 |] .11523 | .00334 ee -OQII .14982 sae 23 
38 | .c2850 | .99959 || 04504 | -90804 || .06337 | .907909 || .08078 | .99673 | 22 38 | .09816 | .99517 |] .11552 | .90331 || -13283 | -oo114 || .I5011 ace es 
39 | .02879 | .99950 || .04623 | -99803 || 063606 | .99797 || .o8107 | .90671 | 21 30 | .09845 | .09514 || .11580 | .99327 || .13312 | -oQIIO ee ae 3 I 
40 | .02998 | .99958 || .04653 | -90802 || .06305 | -99705 || .08136 | -99068 | 20 4° | .09874 | .og511 || .11609 | .99324 || -1334I | -99106 || .15069 ae 20 
t | .02938 | .90057 || .04682 | .99890 |} .06424 | .90793 || .08165 | .99666 | 19 41 | .09903 | .99508 || .11638 | .99320 || .13370 | -9gI02 || .15097 | .98854 | 19 
= pert aoe -0471I | .99S88q || .06453 | .90792 || .o8194 | .99664 | 18 42 09932 | .99506 |} .1 so! -99317 || -13300 | .99098 oi526 pen49 = 
43 | 02996 | .90955 || .04740 | -99888 || .06482 | .99700 || .08223 | .99661 | 17 |) 43 | .c9961 | .99503 |} -11606 | .90314 || -13427 | .99004 || -15 5 Ae z 
44 | .03025 | .99054 || .04760 | .99886 || .o6511 | .99788 || .o8252 | .99659 | 16 44 | .09990 | .99500 |} .11725 | .99310 || «I ee 9909 I -15184 eae a : 
45 | .03054 | .90053 || .04708 | .90885 || .06540 | .99786 || .o8281 | .90657 | 15 45 oes 99407 || .1 1754 99307 || -13485 pooet ee a = 
46 | .03083 | .99952 || .04827 | .90883 || .06569 | .99784 || .08310 | .99654 | 14 || 46 | .10048 | .990494 || .1 a 3 | -99303 || -13514 | .90083 e524t ore : 
47 | .03112 | .99052 || .04856 | .99882 || .06508 | .99782 || .08339 | .99652 | 13 47 | .10077 | .9g4or || .11812 | .99300 |} -13543 | -990070 || .1527 a 7 3 
48 | .03141 | .oo95T || .04885 | .99881 || .06627 | .99780 || .08368 | .90649 | 12 48 | .10106 | .99488 || .11840 | .99297 || .13572 | -90075 || .15209 | .98823 | 12 
49 | .03170 | .99950 || .04914 | 99879 || .06656 | .99778 || .08307 | -90647 | 11 49 ae 99485 Si ae 09203 ae eee $5397 Se Be 
50 | .03109 | .99949 || .04943 | -99878 || .06685 | .99776 || .08426 cin Io 50 | .10164 | .99482 || .1189 ree os: -90' ; allies nie 5 : 4 
1 | .03228 | .99948 || .04972 | .90876 || .06714 | .00774 || .08455 | .09642 | 9 || 5I | -Io192 | .90479 || .11027 | .902 -13658 | .99063 || -153 -9880 
es fe 57 eae eo pa 5 || 06743 | .99772 || .08484 | .99630 8 52 | .10221 | .99476 |} .11956 | .99283 || .13687 | .99059 || .15414 | .08805 8 
53 | .03286 | .99046 |} .05030 | .99873 || .06773 | -99770 || .08513 | -99637 7 || 53 | -10250 | .99473 || -r1985 | .90270 || .13716 | .99055 || .15442 ee i 
54 | .03316 | .99045 || .ososo | .90872 || .06802 | .99768 || .08542 | .99635 6 || 54 | .10279 | .99470 || .12014 | .99276 || .13744 | .oQ05I || .1547I ore 
55 | .03345 | .00044 || .05088 | .99870 || .06831 | .09766 || .08571 | .99632 5 55 | +10308 | .99467 || .12043 | .99272 || .13773 | -99047 || .15500 | .9 ps 5 
56 | .03374 | .00043 || .o5117 | .90860 || .06860 | .99764 || .o8600 | .99630 | 4 || 56 | -10337 | .90464 || .12071 | .90269 || .13802 | .99043 || .15520 | .08787 | 4 
57 | .03403 | .99042 || .05146 | .90867 || .06889 | .99762 || .08629 | .99627 g 57 | .10366 | .9946r1 || .12100 | .99265 || .1383r | .90030 || .15557 | .98782 3 
58 | .03432 | .o9041 || .o5175 | .99866 || .06018 | .90760 || .08658 | .99625 | 2 || 58 | .10305 | .00458 || .12120 | .90262 |] .13860 | .99035 || .15586 | .08778 | 2 
2 Bases Sends 105205 .99864 || .06047 | .90758 || .08687 | .99622 Ir 590 | -10424 | .90455 || .12158 | .90258 || .13889 | .9003r || .15615 | .98773 I 
0 | .03490 | .90030 |) .05234 | .00863 || .06076 | .00756 || .08716 | .09619 | 0 || 60 | .10453 | .90452 || .12187 | .o0255 || -13017 | .00027 || .15643 | .98769 | 0 
7 | Cosine | Sine || Cosme! Sine || Cosme! Sine || Costve| Smve | ’ ’ | CosINE . SINE_ || CosINE ¥ SINE |] Cosine A Sine || CosInE bs SINE | ’ 
88° ° ° 85° 84 83 82 81 


446 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 
TABLE 5.—NATURAL TRIGONOMETRIC FuNCTIONS—(Continued) 
. ge Oe TUS 2° 13° - 14° 15° 16° 
SmvE | Costne|| Srve | Cosine|| Sine | Cosine || Sine | Cosine , Sinz | Cosive|| Sinz | Cosine|| Smve | Cosine]; Sine | Costne | ’ 
o | .15643 | -98769 || .17365 | -98481 || .t908r | .08163 || -20701r | .97815 | 60 y 5 i Oo 
I | .15672 | .98764 |} -17303 | -98476 || -1910 98157 || -20820 | .97809 | 59 2 ee Bee ee nes se sre Be eee os 
2 | .15701 | .98760 || .17422 | .98471 || -19138 | .98152 || .20548 | .97803 | 58 3 ore or 3 24249 | .97015 || .25038 | .96578 || .27620 | .96110 | 58 
3 | -15730 | .08755 |] .17451 | .08466 || -19167 | .98146 || .20877 | .07797 | 57 Z CPs ie Kee 24297 197008 25906 | .96570 || .27648 | .o6102 | 57 
4 | -15758 | .0875z |} -17479 | .9846r || .t9195 | -0S140 || .20905 | .07791 | 56 S AON pedicel 24 O5 197001 a 5904 | .96562 || .27676 | .o6094 | 56 
5 | -15787 | .08746 || 17508 | .08455 || -19224 | .98135 || -20033 | .97784 | 55 a B56 edie im : as 126022 96555 || 27704 | .96086 | 55 
6 | .15816 | .08741 || -17537 | .98450 |] -t9252 | -98129 || .20062 | .07778 | 54 P aces Hes g wees eee :26050 196547 27731 | .96078 | 54 
7 | .15845 | -08737 |] 17505 | .98445 |] -ro281 | .08124 || -20090 | .07772 | 53 eben | eees || zse | e608 Il 20079 |-s90s4>- Il aera: eee ue 
8 | .15873 | .98732 || -17504 98440 -19300 981 18 || .21019 | .97766 | 52 Z pe ies Boye: oe 526107 ees ‘279787 (06062 52 
“e rae oer gle ee Bee paver ay! 97760 | 51 9 | 22750 | .07378 || -24446 | .96966 || .26135 | .96524 || .27815 | 96054 | St 
21503 oe : : ae Pe 193 i Ch |i) nto ee 32 ro | .22778 | .07371 || -24474 | .o6059 || .26163 | .96517 || .27843 | -96046 | 50 
Ir | .15959 | .9871 -17680 | .98425 || .19305 | .o8z1or || .21104 | .9774 
12 | .15988 | .08714 || .17708 | .908420 || .19423 | .98006 || .21132 | .97742 3 Be ret 97308 Bee alee pikes pee 278 a 48 
13 | .16017 | .98709 |} .17737 | .08414 || .19452 | -o8090 || .21161 | .97735 | 47 22 pore 9735 eeu eee es 2 es a ses eee oe 
14 | .16046 | .98704 |] .17706 | .98409 || .1948r | .98084 || .21189 | .97720 | 46 Sei 3 Go|) see: pee Baad: ped i Ae Bie g wane pA 
15 | .16074 | .98700 || .17704 | .08404 || .19509 | .98079 || .21218 | .97723 | 45 BUM Caeser less er 7 99930 ge 75 of - oe & 3) 4 
16 Tes 98695 -17823 | .983090 || -19538 | -08073 || .21246 | .07717 | 44 ee Eee 5S Dee ere ee hee Bie oes ag 
17 | .16132 | .98690 || .17852 | .08 19566 | 0806 2127 97711 3 ‘ ¢ Z ; : : 
18 Ba sie -17880 ee 85 -19505 roe! ee ies a a ee shoes ee pe fe gee ee ees 
I 161 98681 || .x i , x R Fi : ‘ : s i E : 
Be ieere “98676 Tie soe eee Bree Bee hes es 19, | -23033 | .97311 || 24728 | .96804 || .26415 | 00448 28095) | COR 
ax | .16246 | .o867r || .17066 | .o8 leg680 | 208 ' 388 7686 sole cee eee ae ee ea ee ee 
Z s 170) -98373 || -19680 | .98044 || .21 d 
22 | .16275 | .98667 || .17995 | .98368 || .19709 | .98039 oF SreRo 33 ae gree 7 2474 ee ston Ue 6438 pier 95956 He 
23 | .16304 | .98662 || .18023 | .98362 || .19737 | .98033 || -21445 | .97673 | 37 te ae 129% ne 96873 ee iss ener ee 2 
24 | .16333 | .08657 || .x80s2 | .08357 || .19766 | .98027 || .21474 | .07667 | 36 23 | -2314 97284 || .24841 | .96866 2052 -90417 Sed 95940 37 
25 | .16361 | .98652 |} .18081 | .98352 || -19704 | .o802I || .21502 | .9766r | 35 24 | .23175 | .97278 || .24869 | .96858 || .26556 | 96410 | 28234 | 95031 | 36 
26 | .16390 | .98648 |} .18109 | .98347 || .19823 | .o8016 |] .21530 | .97655 | 34 25 | .23203 | .97271 || .24807 | .96851 || .26584 | .96402 || .28262 | .95023 | 35 
27 | .16419 | .98643 || .18138 | .98341 || .to8s1 | .o8or0 |] .21559 | .97648 | 33 26 | .23231 | .97264 || 24025 | 96844 || .26012 | 96394 || 28200 | 95015 | 34 
28 | .16447 | .98638 || .18166 | .98336 |] 19880 | .98004 || .21587 | .97642 | 32 ou ce 97257 || 24084 | 90837 || 20049 | Osseo ee 
Bo) |ix6476 | 208653) | ui8z08 | coSaax || zoocs: || 07697 | 21616)| 7636 | a1 28 | .23288 | .o7251 || .24982 | .96820 || .26668 | .96370 || -28346 | .95808 | 32 
30 | .16505 | .08629 || 18224 | .98325 || 10037 | .o7902 || .21644 | .07630 a 29 | .23316 | .97244 || .25010 | .96822 || .26696 | .96371 || .28374 | -95800 | 31 
: 3 30 | .23345 | .97237 || 25038 | .96815 || .26724 | .96363 || -28402 | .95882 | 30 
31 | .16533 | .98624 || .18252 | .98320 || .19965 | .97987 || .21672 | .97623 | 20 
32 | .16562 | .o8619 || .1828r | .98315 || -19094 | -97081 || .21701 | .97617 | 28 3t | -23373 | 97230 || 25066 | 96807 || .26752 | 06355 || 28420 | 95874 | 29 
Ba) | iSson | w86x4 ||| x8s00 | o83r || 20022 | 07075 || az720) | oyOxx. | 27 32 | .23401 | .97223 || .25004 | .96800 || .26780 | .96347 || .28457 | .95865 | 23 
34 | .16620 | .98609 || .18338 | .98304 || .20031 | -97969 |} .21758 | .97604 | 26 33 | 23429 | -97217 || .25122 | .96793 || .26808 | 96340 || -28485 | 05857 | 27 
35 | .16648 | .08604 || .18367 | .98209 || .20070 | .97063 || .21786 | .97508 | 2< 34 | .23458 | .o7210 || .25151 | .96786 || .26836 | .96332 || .28513 | .05849 | 26 
36 | .16677 | .98600 || .18395 | .98294 || -20108 | .97058 || .21814 | .o7S502 | 24 35 | -23486 | .97203 || .25179 | .96778 || 26864 | .06324 || 28541 | .9584r | 25 
37 | .16706 | .98505 || .18424 | .98288 || .20136 | .07052 || .21843 07585 23 36 | .23514 | .97106 || .25207 | .96771 || .26892 | .96316 || .28569 | .95832 | 24 
38 | .16734 | .o8590 |] .18452 | .98283 || .20165 | .97046 || .21871 | .97579 | 22 37 | -23542 | .97189 || .25235 | .96764 || 26920 | .96308 || 28507 | -95824 | 23 
39 || .16763 | .o8s85 ||| 1848x | .68277 || 20x93 | 97040 || 21809 | .o7573 | 2t 38 | .23571 | .97182 || .25263 | .96756 || .26048 | .9630T || .28625 | .95816 | 22 
40 | .16792 | .98580 || .18509 | .98272 || .20222 | .97034 || .21928 | .97566 | 20 89 Bo es 97176 || .2520% | 96749 || -26076 | 06205) 28652 | -08807)) ae 
4 | .16820 | .98575 || .18538 | .98267 || .20250 | .97928 || .21956 | .97560 | 19 4o | .23627 | .97169 |} .25320 | .96742 || .27004 | .96285 || .28680 | .05799 | 20 
42 | .16849 | .98570 || .18567 | .o826t || .20279 | .97022 || .21985 | .97553 | 18 4t | 23656 | 97162 || 25348 | 06734 || 27032 | 062771) 28703 | os yor iene 
43 | .16878 | .98565 || -18505 | .98256 || .20307 | .97916 || .22013 | .97547 | 17 42 | 23084 | 07155 || .25376 | 06727 || 27060 | 96269 8736 05782) | 38 
44 | .16906 | .9856r || .18624 | .98250 || .20336 | .979I0 |] .22041 | .97541 | 16 43 | 23712 | .07148 || .25404 | .96719 || 27088 | .96261 28704 OSTA GL 
45 | .16935 | .98556 || 18652 | .o8245 |] .20364 | .97005 || 22070 | 97534 | 35 44 | .23740 | .97141 || .25432 | .96712 || .27116 | .96253 || .28702 95766 | 16 
46 | .16964 | .o855r |} .18681 | .98240 || .20393 | -97800 || .22008 | .97528 | 14 45 | .23769 | .97134 || 25400 | .96705 || .27144 | .96246 || .26820 95757. | 15 
47 | -16902 | .98546 || .18710 | .98234 || .20421 | .97803 || .22126 | .o7521 | 13 40 | .23797 | .97127 || .25488 | .96697 || .27172 | .96238 || .28847 95749 | 14 
48 | .1702t | .98541 || .18738 | .98229 || .20450 | .97887 || .22155 | .o7515 | 12 47 | .23825 | .97120 || .25516 | .96690 |! .27200 | .96230 || .28875 95749 | 13 
49 | .17050 | .98536 || .18767 | .98223 || .20478 | .9788r || .22183 | .97508 | 11 48 | .23853 | .07113 || .25545 | 96682 || 27228 | .96222 || .28903 95732 | 12 
50 | .17078 | .o853r || 18795 | .08218 || .20507 | .97875 || .22212 | .97s02 | 10 49 | .23882 | .97106 || .25573 | .96675 || .27256 | .96214 || .28031 05724 | It 
51 | -17107 | .98526 || .18824 | .o8212 || .20535 | .97869 || .22240 | .97406 9 BE | \AB9%0. | DITO BSOS Et OT eae eee edi = 
52 | .17136 | .o8521 || .18852 | .98207 || .20563 | .97863 |} .22268 | .97480 8 SI | .23038 | .97093 || .25629 | .96660 || .27312 | .96198 || .28037 | .95707 9 
53 | -17164 | .98516 || .x888r | .982o0r |} .20592 | .97857 || .22207 | .97483 7 52 | .23966 | .97086 || 25057 | .96653 || .27340 | .961090 || .29015 | .956 8 
54 | -17193 | .o8srx || .18910 | .98196 |] .20620 | .97851 || .22325 | .07476 6 53 | -23995 | -97079 || .25685 | .96645 || .27368 | .96182 || .29042 | .95690 wf 
55 | -17222 | .98506 || .18938 | .98190 || .20649 | .97845 || .22353 | .07470 5 54 | -24023 | .97072 || .25713 | .96638 || .27306 | .96174 || 20070 | .95681 6 
56 | .17250 | .o85or |] 18067 | .98185 || .20677 | .97830 122382 lo7ios i 55 | .24051 | .97065 || .25741 | .96630 || .27424 | .96166 || .29008 | .95673 5 
57 | .17279 | .98496 || .18005 | .08170 || .20706 | .97833 || .22410 | 97457 5 56 | .24079 | .97058 || .25760 | .96623 || .27452 | .96158 || .29126 | .95664 4 
58 | .17308 | .o84or || .19024 | .o8174 || .20734 | .07827 || .22438 | .o7480 : 57 | -24108 | .97051 || .25708 | .96615 |] .27480 | .96150 29154 | .95650 3 
50 | .17336 | .08486 || .19052 | .08168 || .20763 | .o782t || .22467 | .o7444 = 58 | .24136 | .97044 || .25826 | .96608 |} .27508 | .96142 29182 | .95647 2 
60 | .17365 | .98481 |) .19081 | .08163 || .20791 | .97815 || .224905 | 07437 a 50 | .24164 | .97037 || .25854 | .96600 || .27536 | .96134 || .29209 | .95630 I 
- elk Co | .24192 | .97030 || .25882 | .96503 || .27564 | .96126 20237 95630 fe) 
CostneE| Sine || Cosine! Sine || Cosine! Sine || Cosine! Sine | ’ er ae eral eee 
goe 79° 7g0 77° CosinE ! Srvye |} Cosrve! Srne || Cosine! Sine || Cosine! Sine | ’ 
76° dom 74° (Be 
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447 


4 
oo or onaw nn o.| ~ 


lee 18° 19° 20° 21° 22° 23° 24° 

SINE | Cosine] Sing | Cosine || Sine | Cosine]! Sine | Cosine | ’ | Smeg | Cosine || Sine | Cosrne|| Sme | Costne|] Smvz | Cosrne | ’” 
+29237 | .95630 || .30902 | .95106 || .32557 | .04552 || .34202 -03960 | 60 o | .35837 | -93358 || .37461 | .92718 || .390073 | .92050 || .40674 | .91355 | 60 
+29205 | .95022 || .30029 | .95007 || .32584 | .04542 || -34220 | .03050 | so x | .35864 | .03348 || .37488 | .92707 || .39100 | .92039 |} .40700 | .91343 | so 
-29203 | .05013 || .30057 | -9so88 || 32012 | .04533 +34257 | .03040 | 58 2 | .35801 | .03337 || -37515 | -92607 || .39127 | .92028 |! .4o727 | .91331 | 58 
+2032 | .95605 || .30085 | .95079 |] 326390 | .04523 || -34284 | .03030 | 57 3 | .35018 | .03327 || -37542 | -92686 || .39153 | .92016 || .40753 | .o1310 | 57 
+29348 | .95506 || .31012 | .95070 |} .32607 | .04514 |] .34311 | .03020 | 56 4 | .35045 | .93316 || .37569 | .02675 || .30180 | .92005 || .40780 | .91307 | 56 
-20370 | .95588 || .31040 | .oso6r || .32604 | .04504 || .34330 | .o3010 | 55 5 | -35073 | -93306 || .37505 | -92664 || .39207 | .910904 || .40806 | .91205 | 55 
+290404 | .95579 || .31008 | .95052 || .32722 904495 || -34306 | .03000 | 54 6 | .36000 | .93205 || .37622 | .92653 || .30234 | .91082 || .40833 | .91283 | 54 
20432 | -OSS7I || -31005 | -05043 || -32740 | 04485 || -34303 | .03800 | 53 47 | 36027 | .93285 || -37640 | .92642 || .39260 | .91971 || .40860 | .91272 | 53 
+20460 | .95562 || .31123 | .05033 || 32777 | -04476 || .34421 | .03880 | 52 8 | .36054 | .03274 || .37676 | .92631 || .30287 | .91950 || .40886 | .o1260 | 52 
29487 | .05554 || .3115r | .95024 -32804 04406 || .34448 | .03879 | 51 9 | .36081 | .93264 || .37703 | .92620 |] .30314 | .91948 || .40o013 | .91248 | 51 
29515 | .O5545 || .31178 | .O5015 || 32832 | .04457 |] -34475 | .03869 | 50 10 | .36108 | .93253 || -37730 | -92609 |} .39341 | .91936 || .40039 | .91236 | 50 
aa 95536 +31206 | .95006 “32859 94447 +34503 93859 49 1r | .36135 | .03243 “37787 92598 30307 | .or925 || .40966 | .o1224 49 
*2Q0571 | 0552 +31233 | -04007 || -320997 | .0443 *34530 | .03040 | 4 12 | .36162 | .93232 || .37784 | .02587 || .30304 | -91014 || .40002 | .o1212 | 4 
-20509 | -O5510 || .3126r | -O4088 |] 32014 | .04428 || .34557 | .03830 | 47 13 | .30190 | .93222 || .37811 | .02576 || .30421 | .91902 || .41019 | .91200 | 47 
+29620 | .9551I || .31280 | .94070 |] -32042 | .04418 || .34584 | .03820 | 46 14 | .36217 | .93211 || -37838 | .92565 || .30448 | .o1801 |] .41045 | .91188 | 46 
-20054 95502 || .31316 | .04070 |] .32069 | .04400 || .34612 | .938190 | 45 15 | .36244 | .93201 || .37865 | .92554 || .30474 | -91879 |] .41072 | -91176 | 45 
29082 | .05493 || -31344 | -0406r || .32007 | .04300 || -34630 | .03800 | 44 16 | .36271 | .o3190 || 37802 | .02543 || -30501 | .91868 || .41008 | .or164 | 44 
29710 | .05455 || .31372 | -04052 || .33024 | -04300 |] .346606 | .03700 | 43 17 | .36208 | .93180 || .37019 | -92532 |} 30528 | .91856 || .41125 | .or152 | 43 
20737 | -95470 || .31300 | .04043 |] -33051 | .04380 || .34604 | .03780 | 42 18 | .36325 | .93160 || .37046 | .o252z || .30555 | .o1845 |] .4r151 | .or140 | 42 
29705 | .05407 || .31427 | .04033 |] -33079 | -04370 || -34721 | .03779 | 41 19 | .36352 | -03159 || -37973 | -92510 || 30581 | .91833 || .41178 | .or128 | qr 
20793 | -95450 || .31454 | -04024 || -33106 | .04361 || -34748 | .03769 | 4o 20 | .36379 | .03148 || .3790y | -92499 || -30008 | .91822 |] .41204 | .91116 | 4o 
-29821 | .95450 || .31482 | .o4or5 |] .33134 | .04351 +34775 | -93759 | 30 2t | .36406 | .93137 || -38026 | .92488 || .30635 | .or8r0 |] .41231 | .ot104 | 30 
20849 | -95441 || 31510 | .94906 |} .33161 | .04342 || .34803 | .03748 | 38 22 | .36434 | .03127 || .38053 | .02477 || .39061 | .91700 || -41257 | .91092 | 38 
-29876 | .05433 || -31537 | -94807 |! -33180 | -94332 || -34830 | .03738 | 37 23 | .3646r | .93116 || .38080 | .92466 || .39688 | .91787 |] .41284 | .91080 | 37 
-29904 | .05424 |; .31565 | .o4888 |} .33216 | .04322 || -34857 | 93728 | 36 24 | .36488 | .93106 || .38107 | .92455 || -30715 | -01775 |] -41310 | .91068 | 36 
20032 | .05415 || .31503 | -94878 || -33244 | -04313 || -34884 | .03718 | 35 25 | .36515 | .93005 || -38134 | -92444 || .30741 | .91764 |] .41337 | .91056 | 35 
+29900 | .95407 || -31620 | .94869 || .33271 | .04303 || -34912 | -03708 | 34 26 | .36542 | .93084 || .3816r | .02432 || .39768 | .or752 |] «41363 | .o1044 | 34 
-20987 | .05308 || .31648 | .94860 |] .33208 | .04203 || -34030 | .03608 | 33 27 | .36569 | .93074 || -38188 | .o242xr || .30705 | .or741 |) «41300 | .o1032 | 33 
30015 | .95380 || .31675 | .0485r || .33326 | .04284 || .34966 | .03688 | 32 28 | .36506 | .03063 || .38215 | -92410 || .39822 | .917290 || .41416 | .91020 | 32 
30043 | -95380 || -31703 | .04842 || .33353 | -94274 || -34903 | -03677 | 31 29 | .36623 | .93052 || .38241 | .92309 || .30848 | .o1718 || .41443 | .o1008 | 3r 
30071 | .95372 || -31730 | -94832 || -33381 | .94264 || .35021 | .93667 | 30 30 | .36650 | .93042 || .38268 | .92388 || .30875 | .91706 |} .41469 | .90906 | 30 
-30098 | .95363 || .31758 | .94823 || -33408 | .94254 || .35048 | .93657 | 20 3r | .36677 | .0303r |] -38205 | .02377 || .30902 | .91604 || .414906 | .90984 | 20 
+30126 | .95354 || -31786 | .94814 33436 | .04245 || .35075 | .03647 | 28 32 | .36704 | .93020 || .38322 | .92366 || .390928 | .91683 || .41522 | .90972 | 28 
+30154 | -95345 || -31813 | -94805 |] -33463 | -04235 || -35102 | .93637 | 27 33 | -36731 | -03010 || .38340 | .92355 || .30055 | -or67x || .41549 | .90060 | 27 
30182 | .05337 || -31841 | -04795 || -33400 | .94225 || -35130 | .03626 | 26 34 | .36758 | .o2000 || -38376 | .02343 || -30982 | .91660 || .41575 | .90048 | 26 
+30209 | .95328 || .31868 | .94786 || .33518 | .o42I5 || -35157 | .03616 | 25 35 | .36785 | .02088 || .38403 | .92332 || .40008 | .91648 |} .41602 | .90036 | 25 
+30237 | -05319 || .31806 | .04777 || -33545 | -94206 || .35184 | .03606 | 24 36 | .36812 | .02078 || .38430 | .02321 || .40035 | .91636 || .41628 | .90924 | 24 
+30205 | .95310 || .31923 | 04768 || -33573 | -94106 || .352I1 | .93506 | 23 37 | -36839 | .92067 || .38456 | .92310 |] .40062 | .91625 || .41655 | .gogrII | 23 
-30292 | .95301 || .31905I | .94758 || -33600 | .94186 || .35239 | .93585 | 22 38 | .36867 | .92056 || .38483 | -92200 || .40088 | .91613 || .41681 | .90899 | 22 
-30320 | .95293 || -31979 | -94749 33627 | .94176 || .35266 | .03575 | 21 39 | .36804 | .92045 || .38510 | .92287 || .4o115 | .o16or || .41707 | .90887 | 21 
30348 | .95284 || .32006 | .94740 || -336055 | -94167 || -35203 | -93565 | 20 40 | .36921 | .92035 || -38537 | 92276 || .4or4x | .01500 || -41734 | .00875 | 20 
-30376 | .05275 || .32034 | -94730 || -33682 | .94157 || -35320 | -93555 | 19 41 | .36048 | .92024 || .38564 | .02265 || .40168 | .91578 || .41760 | .90863 | 19 
.30403 | .95266 || .3206r | .94721 || -33770 | -04147 || -35347 | -93544 | 18 42 | .36075 | -92013 || -38501 | -92254 || -4o195 | .o1566 || .41787 | .oo851 | 18 
30431 | .05257 || -32089 | .94712 33737 | -94137 || -35375 | -93534 | 17 43 | .37002 | .92002 || .38617 | .92243 || .40221 | .o1555 || -41813 | -90839 | 17 
-30459 | .95248 |} .32116 | .94702 || -33764 | .04127 || .35402 | .93524 | 16 44 | .37029 | .92802 || .38644 | .92231 || .40248 | .91543 || .41840 | .00826 | 16 
«30486 | .05240 || .32144 | .94693 || -33792 | -04118 || -35420 | -93514 | 15 45 | .37056 | .9288x || .38671 | .92220 || .40275 | .91531 || .41866 | .90814 | 15 
~30514 | .95231 || .32171 | .04684 || .33819 | .94108 || -35456 | .93503 | 14 46 | .37083 | .02870 |] .38608 | .92200 || .4o30r | .or5t9 || -41892 | .oo802 | 14 
.30542 | .95222 || .321900 | -94674 || -33846 | .94008 || .35484 | 93403 | 13 47 | .37110 | .92850 || .38725 | .92108 || .40328 | .91508 |} .41919 | 90700 | 13 ° 
-30570 | .95213 || .32227 | .94665 || .33874 | .94088 || .35511 | .93483 | 12 48 | .37137 | .92840 || .38752 | .92186 || .40355 | .91406 || .41045 | .00778 | 12 
30507 | .95204 || .32254 | .04656 || .33001 | .94078 || .35538 | -93472 | 11 49 | .37164 | .92838 || .38778 | .o2175 |] .40381 | .01484 |] .41072 | .00766 | 11 
30625 | .95195 || .32282 | .04646 || .33020 | .94068 || .35565 | -03462 | 10 50 | .37191 ee ae 5 | -92164 || .40408 ee 41998 | .90753 | 10 
1306 .95186 || .32309 | .04637 || -33056 | .94058 || -35592 | .93452 9 5I | .37218 | .9281 -38832 | .92152 || .40434 | .0146r || .42024 | .9074T 9 
ae ost77 eee .04627 || -33083 | .04040 || .35619 | 03441 8 52 | .37245 | -02805 || .38859 | -92141 || -4046r | .91449 || .42051 | .90720 | 8 
30708 | .95168 || .32364 | .94618 || .34011 | .04039 || -35647 | -93431 7 53 | -37272 | 92794 || -38886 | .92130 || .40488 | .91437 || -42077 | 00717 | 7 
-30736 | .95150 || -32302 | .94609 34038 -94029 || -35674 | .93420 s 54 “37209 es Ee pets aoe oe oe Se pee 2 
+3076. -Q5150 ||} .3241 -04500 34065 | .04019 || -35701 | -03410 55 | +3732 92773 || +3993 : . : . : 

A ne ar mere -34093 | .94000 || .35728 | .93400 4 56 | .37353 | -92762 || .38066 | .92096 || .40567 | .o1402 || .421 ~ pee 4 
.30819 | °95133 || 32474 | .04580 || .34120 | .93000 || .35755 | -93389 3 57 | -37380 | .02751 || .38903 | .92085 |} .40504 | .91300 || .42183 | .906 3 
30846 | .95124 || .32502 | .04571 || -34147 | °03980 || -35782 | -93379 2 58 | .37407 | .92740 || .30020 | .92073 || .40621 | .91378 || .42209 | .90655 2 
.30874 | .o5115 || 32520 | .04561 || -34175 | 93079 |] .35810 | .93368 I 50 | .37434 | -02720 || -39046 | .92062 || .40647 | .91366 Waa 5S 084s I 
30902 | .95100 || .32557 | -04552 || -34202 | .93060 -35837 | .03358 ° 60 | .37461 | .92718 || .39073 | -92050 |] .40674 | .91355 || .42262 | .90 Bt Bs 

—4 
CosINE Cosine! Sine || Cosine! SinE_ || Cosine = SINE vi ¢ | Cosine ! r SINE |} COSINE . S1InE_ || CosINE 5 SINE || COSINE is SINE £ 
72° 71° e 67 66 \ 65 


448 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 
TABLE 5.—NATURAL TRIGONOMETRIC FuNcTIONS—(Continued) 
25° 26° o7° 28° 29° 30° Sy1© Be? 

c/ SINE | COSINE | sie Cosine || SrnE | Costne|| Srve | CosIne | ’” ’ StnE_ | CosInE]|} SrnE | Cosine|| SrneE | Cosrmne|] Sine | Cosine 
o | .42262 | .9063r || .43837 | .80870 || .45309 | -8o101 || .46047 | .88295 | 60 o | .48481 | .87462 || .sco00 | .86603 |} «51504 | .85717 || -52002 | .84805 

1 | .42288 | .90618 || .43863 | .89867 || .45425 | .80087 || .46073 | 88281 | 50 1 | .48506 | .87448 || .50025 | .86588 |} .51529 | .85702 || .53017 | .84789 

2 | .42315 | .90606 || .43889 | .80854 |] -45451 | .80074 || -46009 | .88267 | 58 2 | .48532 | .87434 || «50050 | .86573 || -51554 | .85687 || .53041 | 84774 

3 | -42341 | .90504 || -43016 | 80841 || -45477 | -80061 || .47024 | 88254 | 57 3 | .48557 | 87420 || .50076 | .86559 || -51570 | -85672 || 53006 | .84750 

4 | -42307 | .90582 |] .43042 | -80828 |} -45503 | -80048 || .47050 | .88240 | 56 4 | -48583 | .87406 || .soror | .86544 || «51604 | .85657 || .53001 | .84743 

5 | .42304 | .90569 || .43008 | 80876 |} .45520 | .80035 || 47076 | 88226 | 55 5 | -48608 | .87301 |] .50126 | .86530 || .51628 | .85642 |} 53115 | .84728 

6 | .42420 | .90557 || -43004 | -80803 |] -45554 | -8902t | -47101 | 88213 | 54 6 | .48634 | 87377 || sors | .86515 || 51653 | .85627 || 53140 | 84712 

7 | .42446 | .90545 || -44020 | .80790 || -45580 | .80008 || .47127 | .881900 | 53 7 | .48650 | .87363 || -sor76 | .86sor || .51678 | .856r2 || .53164 | 84607 
8 | .42473 | .90532 |] -44046 | -80777 || -45606 | .88995 || -47153 | -88185 | 52 8 | .48684 | 87340 || -so20r | .86486 || .51703 | .85507 || -53180 | .8468z 
9 424909 90520 |} .44072 | .89764 || -45632 88981 || -47178 | .88172 | 51 9 | -48710 | .87335 || -50227 86471 |} 51728 | 85582 53214 84666 
1o | .42525 | .90507 || -44098 | -89752 || -45058 | .88968 || -47204 | .88158 | 50 ro | .48735 | .87321 || .50252 | .86457 |} -51753 | -85567 || -53238 | .84650 
ir | .42552 | .90405 || .44124 | .89730 || -45684 | -88055 || -47229 | .88144 | 49 11 | .48761 | 87306 |] .50277 | 86442 |} 51778 | 85551 || .53263 | .84635 
12 | .42578 | .90483 || .44r5z | .89726 || .45710 | -88942 || .47255 | 88130 | 48 12 | .48786 | .872092 || .sozo2 | .86427 || 51803 | .85536 53288 | .84619 
13 | -42604 | .90470 |] .44177 | .89713 || -45736 | -88028 || .47281 | .88117 | 47 13 | .48811 | .87278 || .50327 | .86413 |] .51828 | .85521 || .53312 | .84604 
14 | .42631 | .90458 || .44203 | -89700 || .45762 | -88015 || -47306 | .88103 | 46 14 | .48837 | .87264 || .50352 | .86398 || .51852 | .85506 || .53337 | .84588 
15 | .42657 | .90446 |} .44229 | .89687 || .45787 | -88002 || .47332 | .88089 | 45 1s | .48862 | .87250 || .50377 | .86384 || .51877 | 85401 || 53361 | .84573 
16 | .42683 | .90433 |] 44255 | -80674 || .45813 | -88888 || .47358 | .88075 | 44 16 | .48888 | .87235 |] 50403 | .86360 || .5t902 | .85476 || :53386 | .84557 
17 | .42709 | .90421 || .44281 | .89062 || .45830 | -88875 || -47383 | .88062 | 43 17 | .48013 | 87221 |] .50428 | .86354 || .51927 | .85461 || .53411 | .84542 
18 | .42736 | .90408 || .44307 | .80649 || .45865 | .88862 || .47409 | .88048 | 42 18 | .48038 | .87207 || .50453 | -86340 || .stos2 | .85446 || .53435 | .84526 
19 | -42762 | .90306 |} .44333 | -80636 || .458or | .88848 || .47434 | -88034 | 41 to | .48064 | .87193 || -50478 | .86325 |] 519077 | -85431 || 53460 | .84s5xr 
20 | .42788 | .90383 || .44359 | -80623 || -45917 | -88835 || -47460 | .88020 | 4o 20 | .48989 | .87178 || .50503 | -86310 || .52002 | .85416 || .53484 | .84405 
2t | .42815 | .90371 || .44385 | -806r0 |} .45042 | .88822 || .47486 | .88006 | 39 at | .49014 | 87164 || .50528 | .86205 || .52026 | .8s4or |] .53500 | .84480 
22 | .42841 | .90358 || .44411 | .89507 || -45968 | .88808 || .47511 | .879903 | 38 22 | .49040 | 87150 || .50553 | .86281 || .52051 | .85385 || -53534 | 84464 
23 | -42867 | .90346 |{ .44437 | -80584 || -45004 | -88705 || -47537 | -87979 | 37 23 | -49065 | .87136 || .50578 | .86266 || .52076 | .85370 || .53558 | 84448 
24 | .42894 | .90334 || -44464 | .80571 || -46020 | .88782 || .47562 | .87065 | 36 24 | .49090 | .87121 || .50603 | .8625r || .s2tor | .85355 || .53583 | .84433 
25 | .4292e | .9o321 || -44490 | -80558 || .46046 | .88768 || .47588 | 87051 | 35 25 | .49116 | .87107 || .50628 | .86237 || .52126 | .85340 || .53607 | 84417 
26 | .42946 | .90300 || -44516 | .80545 || -46072 | .88755 || -47614 | .87937 | 34 26 | .4914r | .870093 || -50654 | .86222 || .5215r | .85325 53632 84402 
27 | -42072 | .00206 || .44542 | .80532 || -46097 | .88741 || -47630 | 87023 | 33 27 | .49166 | .87079 || .50679 | .86207 || .52r75 | .85310 || .53656 | .84386 
23 | .42900¢ | .90284 || .44568 | .805109 |} -46123 | .88728 || .47605 | 87900 | 32 28 | .49192 | .87064 || .50704 | .86192 || .52200 | .85204 || .53681 | .84370 
29 | .43025 | .00271 || .44504 | -80506 |} .46149 | .88715 || .47600 | .87806 | 31 29 | -49217 | .87050 || .50729 | -86178 || -52225 | .85270 || .53705 | .84355 
3° 43051 | .90259 || .44620 | 80493 || -46175 | .88701 || .47716 | .87882 | 30 30 | .40242 | .87036 || .50754 | .86163 || «52250 | .85264 53730 | .84330 
31 | -43077 | .00246 |] .44646 | .89480 || .4620r | .88688 || .47741 | .87868 | 29 x | .49268 | .87021 |] .50 86148 || .522 x 

2 43104 | .90233 || .44672 | -&9167 || .46226 88674 || -47767 | .87854 | 28 2 Beek ee ae ee pee nee ee ne 
33 | -43130 | .90221 || .44608 | -80454 |) -46252 | .88661 || .47703 | .87840 | 27 33 | .49318 | .86003 || .50829 | .86rr0 || .52324 | .85218 || .53804 | 84202 
34 | -43156 | .90208 || .44724 | 89441 |] .46278 | .88647 || .47818 | 87826 | 26 34 | .40344 | .86978 || .50854 | 86104 || .52349 | .85203 $3828 copes 
35 | -43182 | .901096 || .44750 | .89428 || .46304 | -88634 || .47844 | .87812 | 25 35 | -49369 | .86964 || .50879 | .86089 |] 52374 | .85188 || 53853 | 84267 
36 | .43209 | .90183 || .44776 | .80415 || .46330 | .88620 || .47869 | .87708 | 24 36 | .40304 | .86049 || .50904 | -86074 || .52300 | .85173 || .53877 | .842 5 
37 | -43235 | -gor7x || -44802 | 89402 || .46355 88607 |} -47805 | .87784 | 23 37 | -49419 | -860935 || .50020 86059 || .52423 | .85157 539002 Gace 
38 | .43261 | .90158 || .44828 | .89389 || .46381 | .88593 || -47020 | .87770 | 22 38 | .40445 | 86021 || .50054 | .86045 || 52448 | .85142 || 53026 | 8 ot 
39 | -43287 | .90146 || .44854 | .89376 || .46407 | .88580 || -47046 | .87756 | ar 39 | .40470 | .86906 || .50079 | .86030 |} .52473 | -85127 || .53051 Gai 8 
40 | .43313 | -90133 || -44880 | .80363 |] -46433 | -88566 || .47071 | .87743 | 20 40 | .49495 | .86892 || .51004 | .860r5 || .52408 | .85112 || .53075 ‘84182 
41 43340 .| .90T20 || .44906 | .89350 || .46458 | .88553 || .47007 | .87720 | 190 t | .4os2t | .86878 |} .s102 A 
42 | -43306 | .00108 |] -44932 | 80337 || -46484 | -88530 || -48022 | 87715 | 18 || 42 Sees eee ee ioe See ee ae oa ae 
43 | -43302 | -90005 |} 44058 | .80324 || -46510 | .88526 || .48048 | .87701 | 17 43 ) -49571 | .86849 || .51079 | .85070 || .52572 | .85066 || .540. 6 Sates 
44 | -43418 | .90082 |} .44084 | 80311 || .46536 | -885r2 || .48073 | .87687 | 16 44 | .49506 | -86834 |] .51104 | .85956 || .52507 | .85051 ee ree 
45 | -43445 90070 || .45010 | .89298 |] .46561 | .88499 || .48009 | .87673 | 15 45 | .49622 | .86820 |] .51129 | .85041 || .52621 | .85035 540 = Sates 
46 | .43471 | .90057 || .45036 | .80285 || .46587 | .88485 || .48124 | .87659 | 14 46 | .49647 | .86805 |} .stx54 | .85926 || .52646 | .85020 || .5 re 34088 
47 | -43497 | .90045 || -45062 | .89272 || .46613 | .88472 || -48150 | .87645 | 13 47 | .49672 | .8670r || .51r79 | .85o11 || -52671 ‘85005 i oe 6 84 
48 | -43523 90032 |} .45088 | .89250 || .46630 88458 || -48175 | .87631 | 12 48 | .49697 | -86777 || .51204 85806 526096 ‘84089 ree oie 
49 | -43549 | .90019 || .45114 | .89245 || .46664 | .88445 || .4820r | 87617 | Ir 49 | .49723 | 86762 || .51220 | .8588x is2720 | 84 74 oan Sone 
50 | .43575 | -90007 |} -45140 | .89232 || .46690 | .88431 || .48226 | .87603 | 10 50 | .49748 | .86748 || .51254 | .85866 152745 Boe 2 rae 
5I 43602 89004 || .45166 | 802109 || .46716 88417 || .48252 | .87580 

ss | spies | eat | apt | does | ee | Ses | tes | deste |g | sx | so | or | tare | ate | sre | ope | eee | em 
53 | -43054 00) 4521 C9193 || -40707 390 || -48303 | .87561 7 53 | -40824 | .86704 51329 | .85821 15281 8 aie 8: 

54 | .43680 | 80956 || .45243 | -80180 |] .46703 | 88377 || .48328 | 87546 | 6 || 54 8 866 ‘EI $2806 |) cc84n | eiee ee ee 
55 | -43706 | .89043 || -45260 | .89167 || .46819 | .88363 || .48354 | 87532 | 5 Beat Aleseere ee ee. race \neteee Ie eee 
56 43733 | 80030 || -45205 | Sorss || 40844 | 88349 |] «48579 | B7518 | 4 eS oo ‘Boe. ee aie Se 31866 ese ee 

43759 | 80918 |} .45321 | -89r4o || .46870 | .88336 || .48405 | 87504 | 3 || 57 | 140024 | .86646 || .514290 | 85762 || -e2018 | .848 3 

58 | .43785 | 80905 |] .45347 | 80127 || .46806 | .88322 || .48430 | 87490 | 2 8 o | 866 eres eee PE alee | oa 
59 | .438z1 80802 || .45373 | 80114 || .46021 | .88308 || .48456 | .87476 I 3 ee ere alles 5747 || -52043 | 84836 |) -54ats 83809 
Balle : i : 50 | -49075 | 86617 | .51479 | .85732 || -52067 | .84820 || .54440 | .8388 

“ 37 | -80879 || -45309 | 80101 || .46047 | .88205 || .48481 | .87462 | ine 60 -50000 | .86603 || .51504 | .85717 || .52002 | .84805 || .54464 83865 

: 5 ? | 
OSINE | SINE || COSINE | SINE || CosINE | CosINE * | Cosine | SINE || Cosine! Stve || Cosine! Sine || Cosine | Sine 
60 59° 58° 57° 
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33° 34° Soe 36° 37° 38° 39° 40° 
‘| Sine | Cosine || Sinz | Cosrne|| Sine | Cosine || Sine | Cosnte | ’ * | Sing | Cosme|| Smve | Cosine|| Sine | Cosine |] Sine | Cosine | ’ 
© | -54464 | 83867 || .ssor9 | 82004 || «57358 | 81015 || «58770 | 80002 | 60 || © | 60182 | .79864 |] 61566 | .7880r || .62032 | .77715 || .64270 | .76604 | 60 
1 | 54458 | 83851 || 55043 | .82887 |] .57381 | 81809 || .58802 | 80885 | 59 1 | .60205 | .79846 || .61589 | .78783 || 62055 | .77606 || .64301 | .76586 | 50 
2 | -54513 | 83835 |] 55068 | 82871 || 57405 | 81882 || .58826 | .80867 | 58 2 | 60228 | .79829 || 61612 | .78765 || .62077 | -77678 || .64323 | .76567 | 58 
3 | 54537 | -83819 || .s5902 | 82855 |} .57420 | .81805 || .58849 | Bo8s0 | 57 3 | 60251 | .70811 || 61635 | .78747 || 63000 | .77660 || 64346 | .76548 57 
4 | -5450r | 83804 || «56016 | 82839 || -57453 | .81848 || 58873 | 80833 | 56 4 | 60274 | .79703 || .61658 | .78729 || .63022 | .77641 || .64368 | .76530 | 5 
§ | -54580 | .83788 || .s60g0 | 82822 || 57477 | 81832 |) .58896 | .80816 | 55 5 | .60298 | .79776 || .6168x | .78711 || .63045 | .77623 || 64300 | .76511 | 55 
6 | .54010 | 83772 || .56064 | 82806 |} .5750r | 81815 |] .58920 | 80709 | 54 6 | 60321 | .79758 || .61704 | .78094 |} .63068 | .77605 || .64412 | .76492 | 54 
7 | -54635 | 83756 || .50088 | .82700 |} .57524 | .81708 || .58043 | .80782 | 53 4 | 60344 | .70741 || .61726 | .78676 |] .63000 | -77586 || .64435 | -76473 | 53 
8 | .54650 | .83740 || 56112 | .82773 || .57548 | .81782 || -58967 | 80765 | 52 8 | 60367 | .70723 || .61740 | -78658 |] .63113 | -77568 |] .64457 | .76455 | 52 
9 | -54683 | .83724 || .56136 | .82757 || .57572 | -81765 || -58000 | 80748 | 51x 9 | .60300 | .79706 || .61772 | .78640 || .63135 | -77550 || 64479 | .76436 | 5r 
to | -54708 | .83708 || .56160 | .82741 || .57506 | .81748 || .soo14 | 80730 | 50 || ro | .60414 | 79688 || 61705 | .78622 || .63158 | .7753r || .6450r | .76417 | 50 
1X | .54732 | 83602 || .56184 | 82724 || .57619 | .81731 || 50037 | 80713 | 40 || 1x | .60437 | -79671 || .61818 | .78604 |} .63180 | .77513 || .64524 | .76308 | 49 
12 | .54756 | .83676 || .56208 | .82708 |} .57643 | 81714 || .5o06r | 806096 | 48 12 | .60460 | .70653 || .61841 | .78586 || .63203 | -77404 || .64546 | .76380 | 48 
13 | -5478t | .83060 || .56232 | .82602 || .57067 | .81608 || .50084 | .80679 | 47 || 13 | 60483 | .70635 || .61864 | .78568 || .63225 | 77476 || 64568 | .76361 | 47 
14 | -54805 | .83645 || 56256 | .82675 || .5760r | .8168x || 59108 | 80662 | 46 |] 14 | .60506 | .79618 || 61887 | .78550 || .63248 | 77458 || .64500 | .76342 | 46 
15 | -54829 | .83620 || .56280 | 82050 || .57715 | 81664 || -Sor3r | 80644 | 45 |] x5 | 60520 | .79600 || .61909 | .78532 || 63271 | -77430 4 “76323 45 
16 | -54854 | -83613 || .56305 | .82643 || .57738 | -81647 || 50154 | 80627 | 44 |] 16 | .60553 | .70583 || .61932 | .78514 || .63203 | -77421 || .64635 “76304 44 
17 | -54878 | .83507 || .56329 | .82626 || .57762 | .8163r || 590178 | 80610 | 43 ||} 17 | 60576 | .70565 || 61055 | -78496 || .63316 | .77402 || 64657 | .762 43 
18 | .54902 | .8358r || 56353 | -82610 || .57786 | 81614 || .so2z0r | 80503 | 42 || 18 | .60509 | -70547 || -61978 | -78478 || .63338 | -77384 || .64670 | .76267 | 42 
19 | 54927 | -83565 || 56377 | -82503 || .57810 | .81507 || -59225 | .80576 | 4r |] 319 | .60622 | .79530 || 62001 | -78460 || .63361 | -77366 || .64701 Tease 41 
20 | -54051 | .83549 || .564or | .82577 || .57833 | -8r580 || -50248 | .80558 | 40 || 20 | 60645 | .79512 || 62024 | .78442 || .63383 | -77347 || 64723 | .76220 | 40 
21 | -54075 | 83533 || 56425 | 8256r || 57857 | 81563 || 50272 | 8054r | 30 |] er | .60668 | .70494 || .62046 | .78424 || .63406 | .77320 betes 1a TO 39 
22 | -54909 | 83517 || 50449 | -82544 || .5788x | .81546 |! .so205 | 80524 | 38 || 22 | 60691 | .70477 || .62069 | .78405 || .63428 | 77310 || .647 76192 | 3 
23 | -55024 | .83501 |] .56473 | .82528 || .57904 | .81530 || 59318 | 80507 | 37 23 | 60714 | .79459 || 62092 | .78387 || .63451 | -77202 |] 64700 | .76173 | 37 
24 | 55048 | .83485 || 56407 | 82511 || .57928 | .81513 || 59342 | 80489 | 36 || 24 | .60738 | .7044r || 62115 | -78360 || 63473 | -77273 || 64812 | .76154 | 36 
25 | -55072 | .83469 || -5652r | .82405 || -57952 | -81406 || 50365 | 80472 | 35 || 25 | .60761 | .79424 || 62138 | .78351 63498 7725 5 64834 ee 35 35 
26 |} .55007 | 83453 || -56545 | -82478 || .57076 | .814790 || .50380 | .80455 | 34 || 26 | .60784 | .70406 || 62160 | .78333 63 51 “77230 — 56 ip 34 
27 | -55121 | .83437 || .56509 | 82462 || .57009 | -81462 || .50412 | 80438 | 33 27 | .60807 | .79388 |} .62183 | .78315 ba58° +7721 64 a eed 33 
28 | 55145 | 8342r || 56503 | 82446 || 58023 | 81445 || 50436 | 80420 | 32 || 28 | .60830 | -79371 || .62206 | .78297 || - 3563 “77199 Ae ae 7 32 
29 | -55169 | .83405 || .56617 | .82429 || .58047 | .81428 || 50459 | 80403 | 31 || 29 | .60853 | -79353 || 62220 | -78270 || .635 5 Ue 64923 oe 3t 
30 | 55104 | .83389 || -5664r | 82413 || .58070 | .81412 || .50482 | .80386 | 30 || 30 | .60876 | .79335 || .62251 | -7826r || 63608 | .77162 aes sh 3 
-55218 | .83373 || 55665 | .82306 || .58094 | .81395 || .59506 | .80368 | 20 t | 60899 | .79318 || .62274 | .78243 || .63630 | -77144 || 64967 | .76022 | 20 
PP eags rye: 5685 San o || .58r18 | .81378 || 59529 | 80351 | 28 a .60922 | .70300 || .62207 | .78225 || .63653 | -77125 || 64980 | .76003 | 28 
33 | 55206 | 83340 || .56713 | .82363 |} -s8x4z | .8136r || 59552 | -80334 | 27 || 33 | .6o045 | .79282 || .62320 | .78206 || .63675 | -77107 65011 | .75084 4 
34 | -55201 | -83324 || .56736 | .82347 || -58165 | .81344 || -50576 | -80316 | 26 || 34 | 60968 | .79264 || .62342 ae 5 3608 lee $5033 7 5965 = 
35 | -55315 | .83308 }} .56760 | .82330 || .58189 | .81327 || .59599 -80299 | 25 35 | 60091 | .79247 || .62365 | .78170 || .63720 | -7707 $5 55 | -7504 : 
36 | .55330 | -83202 || .56784 | 82314 || .58212 | .81310 || .59622 | 80282 | 24 36 | 61015 | -79229 || .62388 | .78152 || .63742 | -77051 || .65077 “75927 4 
37 | .55363 | .83276 ||} .56808 | 82207 || .58236 | .81293 || .59646 | .80264 | 23 37 | 61038 | .7o2rx || 62411 | .78134 03705 77033 ae 75988 23 
38 | -55388 | .83260 || .56832 | .82281 || .58260 | .81276 || .59669 | .80247 | 22 || 38 | 61061 | .79193 || .62433 | .781160 637 7 aiat4 os “738 oe 
30 | -554t= | .83244 || .56856 | .82264 || -58283 | .81259 || -50603 | 80230 | 21 30 | .61084 | .79176 || .62456 | .78008 psir0 “000 pee: “75870 zs 
42 | .55436 | .83228 || .56880 | .82248 || .58307 | -81242 || .59716 | .80212 | 20 40 | 61107 | .79158 || .62479 | .78070 re ore ae ice 
3 : 3 d 19 
t | .55460 | .83212 || .56904 | .82231 || .58330 | .81225 || .59739 | 80105 | 19 41 | 61130 | .79140 || .62502 | .7806r || .63854 760590 51 75832 
4“ -55484 | 831905 || .56928 $2214 58354 | -81208 || .59763 | .80178 | 18 42 | 61153 | -79122 || .62524 | .78043 || -63877 -76940 || 652 io | .75813 | 18 
43 | -55509 | 83170 || .s6952 | -82108 || .58378 | .8r101 || -50786 | 80160 | 17 || 43 | 61176 | «zo105 || .62547 | -78025 || .63800 | -76025 7° 45232 | --75704 a 
44 | 55533 | -831u%»|| .56976 | 82181 |] .584or | -81174 || 59809 | 80143 | 16 || 44 | .611090 | -79087 || .62570 | .78007 || .63922 “76903 05254 “15175 ae 
45 | -55557 | .83147 || -57000 | .82165 || .58425 | -81157 || .50832 | 80125 | 15 45 | .61222 | .79069 || .62592 | -77088 || .63044 | -76884 |) .6527 7575 
46 | .5558r | 83131 || .57024 | 82148 || .58449 | 81140 || .59856 | 80108 | 14 || 46 | 61245 | «79051 |] .62615 | -77970 |] 63066 | .76866 || .65208 | «75738 | 14 
ssG05:| 8 8472 | .81123 || -59879 | 80091 | 13 7 | 61268 | .79033 || .62638 | .77052 || .63080 | -76847 || .65320 | .75719 | 13 
47 | 55605 | .83r15 |] 57047 | -82132 || -5847 4 
8 5630 83008 57071 | .821r5 || .58496 | .81106 || .5sq902 80073 | 12 48 | 61291 | *79016 || .62660 | -77934 || 64011 | .76828 || .65342 | .75700 | 12 
a ae ‘3082 ‘57005 | .82008 || .s8519 | 81080 || .50026 | 80056 | rr |} 4o | .61314 | 78008 || .62683 | .77016 || .64033 | .76810 || .65364 | .75680 | 1x 
50 | 55678 | .83066 || .57119 | 82082 || .58543 | 81072 || 59049 ae 10 || 50 |'.61337 | .78080 |] .62706 oe es 2 ee oe oe = 
5 . D “ : : 62728 | .77879 || .6407 -76772 || .6540 75642 
51 | .55702 | .83050 || 57143 | .82065 || -58567 | .81055 || .59972 o2t | 9 || 5x | 61360 | .78062 
35 | S5hc0 | Bees || Syzoe | Becks || Sabre | Brose | Boor | rooes | 7 || $5 | ‘rzes | Fans || or%a | Bens | ares | “yorss |] ease | “ts00e | 7 
gelascaes oe ass eee eet ‘81004 60042 -79968 6 o BL8 178908 62706 77824 || 64145 | -76717 || .65474 | .75585 | 6 
3 ree ‘82 35 erase ‘81999 || .58661 | .80987 |} 60065 | .79951 5 || 55 | .6rqszx | .7880r || 62810 | .77806 || .64167 | .76608 |) .65406 | .75566 | 5 
2 - 333 Cae “54262 | 81082 || .58684 | .80070 || 60089 | .79934 4 || 56 | .61474 | .78873 || .62842 | .77788 || .64190 | -76679 || 65518 | -75547 | 4 
a aes : ees 37386 ‘81065 58708 | .80953 || 60112 | .79016 3 || 57 | 61407 | .78855 || 62864 | -77760 || 64212 | .76661 || 65540 | .75528 3 
28 : 87s Ree ‘57310 | .81040 || .58731 | -80036 || 60135 | -70809 | 2 || 58 | .61520 | .78837 |] .62887 | .77751 || .64234 | .76642 || .65562 | 75509 | 2 
ae egos aes °57334 | 81932 || -58755 | -80019 || 60158 | .7988x I || 50 | .61543 | -78810 || 629009 | -77733 || 64256 | .76623 || .65584 | -75490 | I 
60 | .ssoro | .82904 || .57358 | 81015 || -58779 | 80002 || 60182 | .70864 | © || 60 | .61566 | .7880r || .62032 | -77715 || 64279 | -76604 | 65606 75471 | © 
e: 6 Cosine | Sine | ’ 
aCe ing || Cosine! Sine || Cosine! Srve || Cosine! SINE ’ | Cosine! Sine |} Cosine! Sine || Cosine |_ SINE 
56° 55° 54° ORE Sea: 1° 50° 49° 
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TABLE 5.—NATURAL TRIGONOMETRIC FuNcTIONS—(Continued) 


41° 42° 43° 44° 0° 2 2? 3° 

i“ Srmve_ | Cosine|| Sine | Cosine|| Sine | Cosine]| Sine | Cosine] ” uv SEc. Co-sEc. Co-sec.|| Src. | Co-src.|| Src. | Co-sEc. 

o | 65606 |} .75471 || 66013 | -74314 |] .68200 | .73135 |] 60466 | .71934 | 60 Cy || xe Infinite. 57.299 || 1.0006 | 28.654 || 1.0014 | 19.107 

i | .65628 | .75452 || -66035 | .74205 || .68221 | .73116 || 69487 | .71914 | 50 1) * 3437-70 56.359 || 1.0006 | 28.417 || 1.0014 | 19.002 

2 | 65650 | .75433 |] -66056 | .74276 || .68242 | .73006 |} .69508 | .71804 | 58 Zale 1718.90 55-450 || 1.0006 | 28.184 || 1.0014 | 18.897 

3 | .65672 | .75414 || 66978 | .74256 || .68264 | -73076 || .695290 | .71873 | 57 ea es I145.90 54.570 || 1.0006 | 27.955 |} 1.0014 | 18.704 

4 | .65604 | -75305 || 66009 | -74227 || .68285 | .73056 || .69549 | .71853 | 56 4|1 850.44 53-718 || 1.0006 | 27.730 || 1.0014 | 18.692 

5 | .65716 | .75375 || 67021 | .74217 || .68306 | .73036 |} .69570 | .71833 | 55 Suet 687.55 52.891 || 1.0007 | 27.508 || 1.0014 | 18.5901 

6 | .65738 | .75356 || -67043 | .74198 || 68327 | -73016 |] .6o50r | .71813 | 54 6 | 1x 572.90 52.090 || 1.0007 | 27.290 || 1.0015 | 18.401 

7 | 65759 | -75337 || 67064 | -74178 || 68349 | -72006 |} .60612 | .71792 | 53 Wf |) as 4Q1.11 51.313 || 1.0007 | 27.075 || 1.0015 | 18.393 

8 | .65781 | .75318 || .67086 | .74150 || .68370 | -72976 |] 60633 | .71772 | 52 8 ix 420-72 50.558 || 1.0007 | 26.864 |] 1.0015 | 18.205 

9 | 65803 | -75200 || 67107 | -74139 || -68391 | -72057 || 60654 | .71752 | 51 9|t 381.97 || 1.0002 | 49.826 || 1.0007 | 26.655 || 1.0015 | 18.108 
Io | .65825 | .75280 || .67129 | *74120 || .68412 | -72037 || .60675 | .71732 | 50 TO er 343-77 1.0002 | 49.114 |] 1.0007 | 26.450 || 1.0015 | 18.103 
1r | 65847 | .7526r || .67151 | .74100 || .68434 | .72017 |] .69606 | .7171r | 40 ree a7 312.52 1.0002 | 48.422 || 1.0007 | 26.249 || 1.0015 | 18.008 | 49 
12 | .65869 | .75241 || .67172 | .74080 || .68455 | -72807 || .60717 | .71691 | 48 rey ae 286.48 1.0002 | 47-750 || 1.0007 | 26.050 || 1.0016 | 17.914 | 48 
13 | 65801 | .75222 || .67104 | .74061 || .68476 | .72877 || .60737 | .71671 | 47 TS or 204.44 1.0002 | 47.096 || 1.0007 | 25.854 || 1.0016 | 17.821 | 47 
14 | .65913 | -75203 || .67215 74041 || .68497 | -72857 || .60758 | .71650 | 46 14|1 245-55 1.0002 | 46.460 || 1.0008 | 25.661 |] 1.0016 }| 17-730 | 46 
15 | .65035 | .75184 || .67237 | -74022 || .68518 | .72837 || .60779 | .71630 | 45 bap lll ie 229018 1.0002 | 45.840 |} 1.0008 | 25.471 |] 1.0016 | 17.639 | 45 
16 | .65956 | .75165 || .67258 74002 || .68539 | .72817 || 69800 | .71610 |. 44 16 | 1 214.86 1.0002 | 45.237 || 1.0008 | 25.284 || 1.0016 | 17.540 | 44 
17 | 65078 | .75146 || .67280 | .73983 |] .68561 | -72797 || 69821 | .71500 | 43 yf oe 202.22 1.0002 | 44.650 || 1.0008 | 25.100 || 1.0016 | 17.460 | 43 
18 | .66000 | .75126 || .67301 73963 || .68582 | -72777 || .69842 | .71569 | 42 Toa er 190.99 1.0002 | 44.077 || 1.0008 | 24.918 || 1.0017 | 17.372 | 42 
I9 | .66022 | .75107 || .67323 | -73944 || .68603 | .72757 || .69862 | .71549 | 41 FO) ak 180.73 || 1.0003 | 43.520 || 1.0008 | 24.739 || 1-0017 | 17.285 | 41 
20 | .66044 | .75088 || .67344 73924 || .68624 | .72737 || .69883 | .71529 | 40 20 | 1 171.89 1.0003 | 42.976 || 1.0008 | 24.562 || 1.0017 | 17-198 | 40 
21 | .66066 | .75069 || .67366 73904 || .68645 | .72717 || -69904 | .71508 QT her 163.70 1.000 a 1.0008 | 24.358 i 17.11 
22 | .66088 | .75050 || .67387 73885 || .68666 | .72607 || .60025 788 33 22u\er PG a a ae 1.0008 Boece pee ieee 33 
23 | -66109 | .75030 || -67409 | -73865 || .68688 | .72677 || .69046 | .71468 | 37 23 \1 140-47 1.0003 | 41.423 || 10009 | 24.047 |! xr.0o17 | 16.944 | 37 
24 | .66131 | .75011 || .67430 73846 || .68709 | -72657 || -69966 | .71447 | 36 24 |. 143.24 1.0003 | 40.930 || 1.0009 | 23.880 || 1.0018 | 16.861 | 36 
25 | .66153 | -74002 || .67452 73826 || .68730 | .72637 || -60087 | .71427 | 35 25° x 137-51 1.0003 | 40.448 || 1.0009 | 23-716 || 1.0018 | 16.779 | 35 
26 | .66175 | .74973 || -67473 73806 || .68751 | .72617 |} .70008 | .71407 | 34 26/1 132.22 1.0003 | 39.978 || 1.0009 | 23.553 || 1.0018 | 16.698 | 34 
27 | .66197 | .74953 || 67405 | -73787 68772 -72507 || -70029 | .71386 | 33 27 |1 127.32 1.0003 | 39.518 |} 1.0009 | 23.393 || 1.0018 | 16.617 | 33 
28 | .66218 | .74934 || 67516 | .73767 || 68703 | -72577 |} -70049 | .71366 | 32 ou lEr 122.78 1.0003 | 39.069 || 1.0009 | 23.235 || 1.0018 | 16.538 | 32 
29 | .66240 | .74915 || .67538 | -73747 || .68814 | -72557 |] -70070 | .71345 | 31 29 | Ir 118.54 1.0003 | 33-631 |] 1.0009 | 23.079 |] 1.0018 | 16.459 | 31 
30 | .66262 | .74806 || .67550 73728 || 68835 | .72537 || -7oogr | .71325 | 30 30) Nox 114.59 1.0003'| 38.201 |] 1.0009 | 22.925 || r.co1g | 16.380 | 30 
31 -66284 | .74876 || 67580 | .73708 68857 | .72517 || .yor12 | .71305 | 2 Ta ae 110.90 1.000. ; R 
32 | .66306 | .74857 || .67602 | .73688 || .68878 | .72497 || -70132 eae 28 Z I Bere oo ee ee se Us eee ee 28 
33 | .66327 | .74838 || .67623 73069 || 68899 | -72477 || -70153 | -71264 | 27 Exe 10 4 104.17 1.0004 | 36.969 |} 1.0010 | 22.476 || 1.0019 | 16.150 | 27 
34 | .66349 | .74818 || .67645 73640 || 68920 | .72457 || -70174 | .71243 | 26 34 |i IOI.II 1.0004 | 36.576 || 1.co1o | 22.330 || 1.co1g | 16.075 | 26 
35 | 66371 | .74700 || 67666 | .73620 || 68941 | .72437 |] -70105 | .71223 | 25 ets Ise 95-223 || 1.0004 | 36.191 || I.coro | 22.186 || 1.0019 | 16.000 | 25 
36 | .66303 | .74780 || -67688 | .73610 || 680962 | .72417 || .7o215 | .71203 | 24 30 cr 95-405 || 1.0004 | 35.814 |] 1.0010 | 22.044 || 1.0020 | 15.926 | 24 
37 | 66414 | .74760 || .67709 | -73590 || .68083 | -72307 || .70236 | .71182 | 23 37 92.914 || 1.0004 | 35-445 || 1.0010 | 21.904 |] 1.0020 | 15.853 | 23 
38 | .66436 | .74741 || .67730 | -73570 || .69004 | .72377 |} -70257 | .71162 | 22 38 | 1.0001 92.469 || 1.0004 | 35.084 || 1.0010 | 21.765 || 1.0020 | 15.780 | 22 
39 | .66458-| .74722 || .67752 | -73551 || .69025 | .72357 || .70277 | .7I14I | 21 39 | I.0001 88.149 || 1.0004 | 34.729 || I.co1r | 21.629 || 1.0020 | 15.708 | 21 
40 | .66480 | .74703 || .67773 73531 || 69046 | .72337 }| -70208 | .71121 | 20 40 | 1.0001 85.946 || 1.0004 | 34.382 || I.OOIE | 21.494 || 1.0020 | 15.637 | 20 
41 | .66501 | .74683 || .67705 73511 || .69067 | .72317 |] .70319 | .71100 | 19 I | 1.0001 83.8. 0 i 
42 | .66523 | .74664 || .67816 73491 || .69088 | .72297 || .70330 | .71080 | 18 ie I.0001 Bs 855 ae gee oe ees spine aie 3 
43 | -66545 | .748120 -67837 73472 || 69109 | .72277 || -70360 | .7I1059 | 17 43 | 1.0001 79.950 || 1.0004 | 33.381 || I.corr | 21.008 1.0021 15.427 I 
44 | .66566 | .74625 {]°.678590 73452 || .69130 | .72257 || -70381 | -71039 | 16 44 | 1.0001 78.133 |} 1.0004 | 33.060 || I.co1r | 20.970 ASG OR: I : 8 6 
45 | 66588 | .74606 || .67880 | .73432 || .69151 | .72236 || .7ogor | .71019 } 15 45 | 1.0001 76.306 || 1.0005 | 32.745 || I-.co1r | 20.843 1.0021 SS 
46 | 66610 | .74586 || .67901 | -73413 || 69172 | -72216 || .70422 | .70908 | 14 46 | 1.000% 74.736 || z.c008 | 32.437 || roore+| 20.727 || z.0002 oe SS 
47 | 66632 | -74567 || 67923 | -73393 || 69103 | -72196 || .70443 | -70978 | 13 47 | 1.0001 73.146 || 1.0005 | 32.134 || 1.0012 | 20.503 110022 15.1 55 as 
48 | .66653 | .74548 || .67044 | .73373 || 69214 | .72176 || .70463 | .70957 | 12 48 | 1.0001 471.622 || 1.0005 | 31.836 || 1.0012 | 20.471 ruse || nace a 
49 | .66675 | .74528 || .67065 | -73353 || 60235 | -72156 || .70484 | -70037 | I1 49 | 1.0001 471.160 || t.0005 | 31.544 || 1.0012 | 20.350 1.0022 BEE sini 
50 | .66697 | .74509 || .67987 | -73333 || .69256 | .72136 |] .70505 | .70916 | 10 50 | 1.0001 68.757 |] 1.0005 | 31.257 || 1.0012 20.230 ESSDE roen Io 
51 | .66718 | .74489 || .68008 73314 || 69277 | .72116 || .70525 | .70806 9 t | 1.000 

52 | 66740'| <faa7e || 6800 | 13204 || -Go208 | ao0s || 40540 | go8ys | 78 || 2 | recor | eGces ll sosee | oes liaects [acess Woe ee 
$3 | .66762 | .74451 || 68051 | -73274 || 60310 | -72075 || -70567 | -70855 7 53 | 1.0001 64.866 || 1.0005 | 30.428 || 1.0013 | 19.880 Be ie oi ce 

54 | .66783 | .74431 || 68072 73254 || 69340 | -72055 || -70587 | .70834 6 54 | I.000r 63.664 |] 1.0005 Hone 1.0013 x4 66 1 Silk ee H 
55 | -66805 | .74412 || 68003 73234 || 69361 | .72035 |] .70608 | .70813 5 55 | 1.0001 62.507 |] 1.0005 29.800 1.0013 nae eee sees 

56 | .66827 | .74302 || .68115 73215 || .69382 | .72015 || .70628 | .70793 4 56 | 1.0001 61.391 || 1.0006 20.641 1.0013 Bae. Pesos oe 33 A 
57 | 66848 | .74373 || -68136 | .73195 || .69403 | -71995 || -70649 | .70772 | 3 57 | 1.000% 61.314 || 1.0006 | 29.388 || 1.0013 | 19.431 pee ee $ 
58 | .66870 | .74353 || 68157 | .73175 || .69424 | .71974 || .70670 | .70752 2 58 | 1.0001 59.274 || 1.0006 20.130 1.0013 Pees veo ee : 
Pe peor -74334 || 68170 | -73155 || .69445 | -71954 || -70690 | .70731 | 1 59 | 1.0001 58.270 || 1.0006 | 28.804 |] 1.0013 | 19.214 ae Te = 

‘66913 | .74314 || 68200 | .73135 |; .69466 | .71934 |] -70711 | .70711 co) 60 | 1.0001 57-209 || 1.0006 | 28.654 || r.0014 | 19.107 || 1.0024 | 14.335 | 0 
, , aaa — ol 
aay Re SINE poly Me SINE may 6° SINE mccoy Ko SINE ’ | Co-sEc. , Sec. || Co-sEc. ‘s SEc. || Co-sEc. obec Co-sEc.! Src. 
88 87 86° 
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TABLE 5.—NATURAL TrIGoNomETRIC Functions—(Continued) 


m7 
So mronnwwno | ~ 


4° 5° 

Sec. |Co-src.|| Src. | Co-sec. 
1.0024 | 14.335 |} 1.0038 | 11.474 
1.0025 | 14.276 |] 1.0038 | 11.436 
I.0025 | 14.217 || 1.0039 | 11.308 
1.0025 | 14.159 || 1.0039 | 11.360 
1.0025 { 14.101 || 1.0039 | 11.323 
I.c025 | 14.043 || 1.0039 | 11.286 
1.0026 } 13.986 || I.cogo | 11.249 
1.0026 | 13.930 || 1.0040 | 11.213 
1.0026 | 13.874 || 1.0040 | 11.176 
1.0026 | 13.818 || 1.0040 | 11.140 
1.0026 | 13.763 || 1.0041 | 11.104 
1.0027 | 13.708 || 1.0041 | 11.069 
1.0027 | 13.654 || I.coqr | 11.033 
1.0027 | 13.600 || I.cogr | 10.988 
1.0027 | 13.547 || 1.0042 | 10.963 
1.0027 | 13.404 || 1.0042 | 10.92 
¥.0028 | 13.441 || 1.0042 | 10.804 
1.0028 | 13.389 || 1.0043 | 10.860 
1.0028 | 13.337 |} 1.0043 | 10.826 
1.0028 | 13.286 || 1.0043 | 10.792 
1.0029 | 13.235 || 1.0043 } 10.758 
1.0029 | 13.184 || 1.0044 | 10.725 
1.0029 } 13.134 || 1.0044 | 10.692 
1.0029 | 13.084 |} 1.0044 | 10.659 
1.0029 | 13.034 |} 1.0044 | 10.626 
1.0030 | 12.985 || 1.0045 10.503 
1.0030 | 12.937 || 3.0045 | 10.561 
1.0030 | 12.888 || 1.0045 | 10.529 
1.0030 | 12.840 || 1.0046 | 10.407 
I.0031 | 12.793 || 1.0046 | 10.465 
1.0031 | 12.745 || 1.0046 | 1¢.433 
I.0031 | 12.698 || 1.0046 | 10.402 
1.0031 | 312.652 || 1.0047 | 10.371 
1.0032 12.606 || 1.0047 10.340 
1.0032 | 12.560 || 1.0047 | 10.300 
1.0032 | 12.514 || 1.0048 | 10.278 
1.0032 | 12.469 || 1.0048 | 10.248 
1.0032 | 12.424 |} 1.0048 | 10.217 
I.C033 | =2.379 || 1.0048 | 10.187 
1.0033 12.335 1.0049 10.157 
1.0033 12.201 1.0049 10.127 
1.0033 | 12.248 || r.0049 | 10.008 
1.0034 | 12.204 || 1.0050 | 10.068 
1.0034 | 12.161 || 1.0050 | 10.039 
4.0034 | 12.118 |} I.0050 {| 10.010 
1.0034 | 12.076 || I.0050 9.9812 
I.0035 | 12.034 || 1.0051 90-9525 
1.0035 | 11.992 || I-0051 9-0239 
I.0035 | 11.950 || I.0051 9.8055 
1.0035 | 11.909 || 1.0052 9.8672 
1.0036 | 11.868 || 1.0052 | 9.8391 
1.0036 | 11.828 || 1.0052 9.8112 
1.0036 | 11.787 || 1.0053 | 9.7834 
1.0036 | 11.747 || 1-0053 90-7558 
1.0037 | 11.707 || 1.0053 | 9.7283 
1.0037 | 11.668 || 1.0053 9.7010 
1.0037 | 11.628 |} 1.0054 9-6739 
I,0037 | 11.589 || 1.0054 9.6469 
1.0038 | 11.550 |] 1.0054 9.6200 
1.0038 | 311.512 || 1.0055 9.5933 
1.0038 | 11.474 || 1.0055 9-5668 
Co-src.| Sec. ||Co-sec.! SEC. 

85° 84° 


1.0057 | 9.4362 || 1.0077 | 8.1004 | 55 
1.0057 | 9-4105 || 1.0077 | 8.0005 | 54 
1.0057 | 9.3850 |] 1.0078 | 8.0717 | 53 
1.0057 | 9.3596 |] 1.0078 | 8.0529 | 52 
1.0058 | 9.3343 |] 1.0078 | 8.0342 | 51 
1.0058 | 9.3002 |] 1.0079 | 8.0156 | 50 
1.0058 | 9.2842 |] 1.0079 | 7.0071 | 40 
I.0050 | 9.2593 || 1.0079 | 7.0787 | 48 
I.0059 | 9.2346 |} 1.0080 | 7.9604 | 47 
1.0059 | 9-2100 || 1.0080 | 7.9421 | 46 
1.0060 | 9.1855 |} 1.0080 | 7.9240 | 45 
1.0060 | 9.1612 |} r.co81 | 7.9959 | 44 
1.0060 | 9.1370 || 1.0081 | 7.88790 | 43 
1.0061 | 9.1129 || 1.0082 | 7.8700 | 42 
1.0061 | 9.0890 |} 1.0082 | 7.8522 | 41 
1.0061 | 9.0651 || 1.0082 | 7.8344 | 4o 
1.0062 | 9.0414 |} 1.0083 | 7.8168 | 39 
10062 | 9.0179 || 1.0083 | 7.7992 | 38 
1.0062 | 8.9944 || 1.0084 | 7.7817 | 37 
1.0063 | 8.9711 || 1.0084 | 7.7642 | 36 
1.0063 | 8.9479 |} 1.0084 | 7-7460 | 35 
1.0063 | 8.9248 || 1.0085 | 7.7206 | 34 
1.0004 | 8.9018 || 1.0085 | 7.7124 | 33 
1.0064 | 8.8790 |] 1.0085 | 7.6953 | 32 
1.0064 | 8.8563 |] 1.0086 | 7.6783 | 31 
1.0065 | 8.8337 || 1.0086 | 7.6613 | 30 
1.0065 | 8.8112 || 1.0087 | 7.6444 | 29 
1.0065 | 8.7888 || 1.0087 | 7.6276 | 28 
1.0066 | 8.7665 || 1.0087 | 7.6108 | 27 
1.0066 | 8.7444 |] 1.0088 | 7.5942 | 26 
1.0066 | 8.7223 |} 1.0088 | 7.5776 | 25 
1.0067 | 8.7004 || 1.0089 | 7.5611 | 24 
1.0067 | 8.6786 || 1.0089 | 7.5446 | 23 
1.0067 | 8.6569 || 1.0089 | 7.5282 | 22 
1.0068 | 8.6353 || I.cogo | 7.5119 | 21 
1.0068 | 8.6138 || I’00go0 | 7.49057 | 20 
1.0068 | 8.5924 |} 1.0090 | 7-4705 | I9 
1.0069 | 8.5711 || I.cogr | 7.4634 | 18 
1.0069 | 8.5499 || I.0cor | 7-4474 | 17 
1.0069 | 8.5289 || 1.0092 | 7-4315 | 16 
1.0070 | 8.5079 |] 1.0092 | 7.4156 | 15 
1.0070 | 8.4871 || 1.0092 | 7-30908 | 14 
1.0070 | 8.4663 || 1.0093 | 7-3840 | 13 
1.0071 | 8.4457 |] 1.0093 | 7.3683 | 12 
1.0071 | 8.4251 || 1.0094 | 7.3527 | II 
1.0071 | 8.4046 || 1.00904 | 7-3372 | 10 
1.0072 | 8.3843 || 1.0094 | 7.3217 9 
1.0072 | 8.3640 || 1.0095 | 7.3063 8 
1.0073 | 8.3430 || 1.0095 | 7.29090 | 7 
1.0073 | 8.3238 || 1.0096 | 7.2757 6 
1.0073 | 8.3039 |] 1.0096 | 7.2604 5 
1.0074 | 8.2840 || 1.0097 | 7.2453 4 
1.0074 | 8.2642 || 1.0097 | 7.2302 3 
1.0074 | 8.2446 || 1.0097 | 7.2152 2 
1.0075 | 8.2250 || 1.0008 | 7.2002 I 
1.0075 | 8.2055 |] 1.0008 | 7.1853 fo) 
Co-src.! Src. ||Co-src.! Src. | ¢ 
) to) 


1.0100 | 7.1117 
I.OIOL | 7.0972 
I.OIOL | 7.0827 
1.0102 | 7.0083 
I.0102 | 7.05390 
I.0102 | 7.0306 
I.0103 | 7.0254 
I.0103 | 7.0112 
I.0104 | 6.9971 
1.0104 | 6.9830 
1.0104 | 6.9690 
I.0105§ | 6.9550 
I.0105 | 6.9411 
1.0106 | 6.9273 
1.0106 | 6.9135 
1.0107 | 6.8998 
I.0107 | 6.8861 
1.0107 | 6.8725 
1.0108 | 6.8589 
1.0108 | 6.8454 
I.o109 | 6.8320 
1.0109 | 6.8185 
I.o110 | 6.8052 
I.o110o | 6.7919 
I.o11r | 6.7787 
T.OLrL)|| 6.7685 
I.OlIt | 6.7523 
I.0112 | 6.7392 
I.o112 | 6.7262 
I.0113 | 6.7132 
1.0113 | 6.7003 
1.0114 | 6.6874 
I.0114 | 6.6745 
I.o115 | 6.6617 
I.o115 | 6.6490 
I.OlI5 | 6.6363 
1.0116 | 6.6237 
1.0116 | 6.6111 
1.0117 | 6.5985 
1.0117 | 6.5860 
1.0118 | 6.5736 
1.0118 | 6.5612 
1.0119 | 6.5488 
I.or11g | 6.5365 
I.o11g | 6.5243 
1.0120 | 6.5121 
I.o12e | 6.4900 
I.0o12t | 6.4878 
E.O12t | 6.4757 
1.0122 | 6.4637 
1.0122 | 6.4517 
1.0123 | 6.4308 
I.0123 | 6.4279 
1.0124 | 6.4160 
1.0124 | 6.4042 
I.0125 | 6.3924 
Co-sEc. |_ SEc. 
81° 


9° 
Src. | Co-sEc. 
I.0125 | 6.3924 
I.0125 | 6.3807 
1.0125 | 6.3690 
1.0126 | 6.3574 
1.0126 | 6.3458 
1.0127 | 6.3343 
I.0127 | 6.3228 
1.0128 | 6.3113 
1.0128 | 6.2999 
1.0129 | 6.2885 
1.0129 | 6.2772 
1.0130 | 6.2659 
1.0130 | 6.2546 
I.0131 | 6.2434 
Y.OLst | 6.2322 
I.0132 | 6.2211 
I.0132 | 6.2100 
1.0133 | 6.1990 
1.0133 | 6.1880 
1.0134 | 6.1770 
1.0134 ; 6.1661 
F.OTgSe! 6.1552 
1.0135 | 6.1443 
1.0136 | 6.1335 
1.0136 | 6.1227 
1.0136 | 6.1120 
1.0137 | 6.1013 
1.0137 | 6.0906 
1.0138 | 6.0800 
1.0138 | 6.0604 
1.0139 | 6.0588 
1.0139 | 6.0483 
I.0140 | 6.0379 
1.0140 | 6.0274 
I.O141 | 6.0170 
I.0141 | 6.0066 
1.0142 | 5.9963 
1.0142 | 5.9860 
1.0143 | 5.9758 
1.0143 | 5.9655 
1.0144 | 5.0554 
1.0144 | 5.9452 
T.0145 | §-9351 
I.0145 | 5.9250 
I.0146 | 5.9150 
1.0146 | 5.9049 
1.0147 | 5.8950 
1.0147 | 5.8850 
1.0148 | 5.8751 
1.0148 | 5.8652 
1.0149 | 5-8554 
I.o150 | 5.8456 
I.0150 | 5.8358 
I.01s51 | 5.8261 
I.01si | 5.8163 
1.0152 | 5.8067 
L.OkS2: || 5.7070 
1.0153 | 5.7874 
1.0153 | 5.7778 
1.0154 | 5-7683 
1.0154 | 5-7588 
Co-sEc.!  SEc. 
80° 


10° sil 

Sec. |Co.sec.|} Src. | Co-src. 
1.0154 | 5-7588 || 1.0187 | 5.2408 
I.0155 | 5-7403 1.0188 | 5.2330 
1.0155 | 5-7398 || 1.0188 | 5.2252 
1.0156 | 5-7304 || 1.0189 | 5.2174 
I.0156 | 5-7210 || 1.0189 | §,2007 
1.0157 | 5.7117 || 1.0190 | 5.2019 
1.0157 | 5-7023 || I.o191 | 5.1042 
1.0158 | 5.6930 |} I.o1gr | 5.1865 
1.0158 | 5.6838 |} 1.0192 | 5.1788 
1.0159 | 5-6745 || 1.0192 | 5.1712 
I.01sg | 5-6653 || 1.0193 | 5.1636 
1.0160 | 5.6561 |} 1.0193 | 5.1560 
1.0160 | 5.6470 || 1.0194 | 5.1484 
1.0161 | 5.6379 || 1.0195 | 5.1409 
1.0162 | 5.6288 |} 1.0195 | 5.1333 
10162 | 5.6197 |] I.0196 | 5.1258 
I.0163 | 5-6107 |} 1.0196 | 5.1183 
1.0163 | 5.6017 || 1.0197 | 5.1109 
1.0164 | 5-5928 |] 1.0198 | 5.1034 
1.0164 | 5-5838 || I.0198 | 5.0960 
1.0165 | 5-5749 || 1.0199 | 5.0886 
1.0165 | 5.5660 |] I.o199 | 5.0812 
1.0166 | 5-5572 || 1.0200 | 5.0739 
1.0166 | 5-5484 || 1.0201 | 5.0666 
1.0167 | 5-53)6 || 1.0201 | 5.0503 
1.0167 | 5.5308 || 1.0202 | 5.0520 
1.0168 | 5.5221 || 1.0202 | 5.0447 
1.0169 | 5-5134 || 1.0203 | 5 0375 
1.0169 | 5-5047 || 1.0204 | 5.0302 
1.0170 | 5-4960 || 1.0204 | 5.0230 
1.0170 | 5.4874 || 1.0205 | 5.0158 
1.0171 | 5-4788 || 1.0205 | 5.0087 
I.O171 5-4702 1.0206 | 5.0015 
1.0172 | 5-4617 || 1.0207 | 4.9044 
1.0172 | 5-4532 || 1.0207 | 4.0873 
1.0173 | 5-4447 || 1.0208 | 4.9802 
1.0174 | 5-4362 1.0208 | 4.0732 
1.0174 | 5.4278 || 1.0209 | 4.9661 
1.0175 | 5-4194 || 1.0210 | 4.9501 
1.0175 | 5-4110 || 1.0210 | 4.9521 
1.0176 | 5-4026 || 1.0211 | 4.9452 
1.0176 | 5-3043 I.o211 | 4.9382 
1.0177 | 5-3860 || 1.0212 | 4.9313 
1.0177 5:3777 1.0213 | 4-0243 
1.0178 | 5-3695 || 1.0213 | 4-0175 
1.0179 | 5-3612 || 1.0214 | 4.9106 
I.0179 5+3530 1.0215 4-90037 
1.0180 | 5 34409 |] 1.0215 | 4.8969 
1.0180 | 5.3367 1.0216 | 4.8901 
1.0181 | 5-3286 || 1.0216 | 4.8833 
1.0181 | 5.3205 || 1.0217 | 4.8765 
1.0182 | 5.3124 || 1.0218 | 4.8607 
1.0182 | 5.3044 || 1.0218 | 4.8630 
1.0183 | 5.2063 || 1.0219 | 4.8563 
1.0184 | 5.2883 || 1.0220 | 4.8496 
1.0184 | 5-2803 || 1.0220 | 4.8429 
1.0185 | 5.2724 || 1.0221 | 4.8362 
1.0185 | 5.2645 || 1.0221 | 4.8206 
1.0186 | 5.2566 || 1.0222 | 4.8229 
1.0186 | 5.2487 || 1.0223 | 4.8163 
1.0187 | 5.2408 |] 1.0223 | 4.8097 
Co-sec.! Src. ||Co-sec.! Src. 

79° 78° 


451 
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452 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 


TaBLE s—NATURAL TRIGONOMETRIC FuNncTIoNS—(C ontinued ) 


122 ie 14° 15° | 16° | 72 18° 19° 


* | §xc. |Co-sec.|| Src. |Co-sEc.|| Sec. |Co-sec.|| Sec. | Co-sEc. ’ | Sec. |Co-sec.|| Sec. |Co-sEc.|| Src. | Co-SEc. Sec. | Co-sEc. 
o | 1.0223 | 4.8097 || 1.0263 | 4.4454 || 1.0306 4.1336 || 1.0353 | 3-8637 | 60 o | 1.0403 | 3.6279 || 1.0457 | 3-4203 || 1.0515 3.2361 || 1.0576 | 3.0715 
1 | 1.0224 | 4.8032 || 1.0264 | 4.4308 || 1.0307 | 4.1287 || 1.0353 | 3-8595 | 59 1 | 1.0404 | 3.6243 ‘0488 | 3.4170 ||-r.0516 | 3.2332 || 1-0577 | 3.0090 
2 | 1.0225 | 4.7966 || 1.0264 | 4.4342 || 1.0308 | 4.1239 || 1.0354 | 3-8553 | 58 2 | 1.0405 | 3.62060 || 1.0459 | 3-4138 || 1.0517 | 3-2303 1.0578 | 3.0664 
3 | 1.0225 | 4.7001 || 1.0265 | 4.4287 || 1.0308 | 4.1101 || 1.0355 | 3.8512 | 57 3 | 1.0406 | 3.6169 || 1.0460 | 3.4106 || 1.0518 | 3.2274 | 1.0579 3.0638 
4 | 1.0226 | 4.7835 || 1.0266 | 4.4231 || 1.0309 | 4.1144 1.0356 | 3.8470 | 56 4 | 1.0406 | 3.6133 0461 | 3-4073 || 10519 | 3-2245 1.0580 | 3.0612 
5 | 1.0226 | 4.7770 || 1.0266 | 4.4176 || 1.0310 4.1096 || 1.0357 | 3.8428 | 55 5 | 1.0407 | 5.6096 0461 | 3-4041 || 1.0520 3.2210 || 1.0581 | 3.0586 
6 | 1.0227 | 4.7706 || 1.0267 | 4.4121 || 1.0311 | 4.1048 .0358 | 3.8387 | 54 6 | 1.0408 | 3.6060 .0462 | 3.4009 || 1-052 3.2188 || 1.0582 | 3.0501 
7 | 1.0228 | 4.7641 || 1.0268 | 4.4065 || 1.0311 | 4.1001 .0358 | 3.8346 | 53 7 | 1.0409 | 3.6024 .0463 | 3-3977 || 1-0522 | 3-2159 1.0584 | 3-0535 
8 | 1.0228 | 4.7576 || 1.0268 | 4.4011 || 1.0312 | 4.0053 .0359 | 3.8304 | 52 8 | 1.0410 | 3.5987 0464 | 3-39045 || 1-0523 | 3-2131 1.0585 | 3-0509 
9 | 1.0229 | 4.7512 || 1.0269 | 4.3956 || 1.0313 | 4.0906 .0360 | 3.8263 | 51 9 | 1.0411 | 3-5951 10465 | 3-3013 || 1.0524 | 3.2102 || 1.0586 | 3.0484 
1o | 1.0230 | 4.7448 || 1.0270 | 4.3910 || 1.0314 | 4.0859 .0301 | 3.8222 | 50 1o | 1.0412 | 3.5915 0466 | 3.3881 || 1.0525 | 3.2074 1.0587 | 3.0458 
ir | 1.0230 | 4.7384 || 1.0271 | 4.3847 || 1.0314 4.0812 .0362 | 3.8181 | 49 ir | 1.0413 | 3.5879 .0467 | 3.3849 || 1.0526 | 3.2045 1.0588 | 3-0433 
12 | 1.0231 | 4.7320 || 1.0271 | 4.3792 1.0315 | 4.0705 .0362 | 3.8140 | 48 12 1.0413 | 3.5843 .0468 | 3.3817 1.0527 | 3-2017 1.0589 | 3.0407 
13 | 1.0232 | 4.7257 || 1.0272 | 4.3738 || 1.0316 4.0718 .0363 | 3.8100 | 47 13 0414 | 3.5807 0469 | 3-3785 || 1.0528 3.1989 || 1.0590 | 3.0382 


0470 | 3.3754 || 1.0529 | 3-1960 || 1.0591 | 3.0357 
0471 | 3.3722 || 1.0530 | 3-1932 || 1.0592 | 3.0331 
0472 | 3-3090 || 1.0531 | 3-1904 || 1.0593 3.0300 
0473 | 3-3059 || 1-0532 ) 3-187! 1.0594 | 3.0281 
0474 | 3-3627 || 1-0533 3.1848 || r.0595 | 3.0256 
0475 | 3-3596 || 1.0534 | 3-1820 1.0596 | 3.0231 
0476 | 3-3565 || 1.0535 | 3-1792 |] 31-0508 3.0206 
.0477 | 3.3834 || 1-0536 | 3.1764 || 1.0500 3.0181 
0478 | 3-3502 || 1.0537 | 3-1736 || 1.0600 3.0156 
.0478 | 3-3471 || 1-0538 3.1708 || 1.0601 | 3.0131 
0479 | 3-3440 || 1-0539 3-1681 1.0602 | 3.0106 
.0480 | 3.3409 || 1.0540 | 3.1653 || 1.0603 3.0081 
0481 | 3-3378 || 1.0541 | 3.1625 1.0604 | 3.0056 
0482 | 3.3347 || 1.0542 | 3-1508 || 1.0605 | 3.0031 
.0483 | 3-3316 || 1.0543 | 3-1570 1.0606 | 3.0007 
0484 | 3.3286 || 1.0544 | 3-1543 || 1.0607 2.9982 
0485 | 3-3255 || 1-0545 | 3-1515 || 1.0608 | 2.9057 
.0486 | 3.3224 || 1.0546 | 3.1488 |] 1.0609 | 2.9933 
0487 | 3.3104 || 1.0547 | 3-1461 || 1.0611 | 2.9908 
0488 | 3.3163 || 1.0548 | 3-1433 || 1.0612 | 2.9884 
.0489 | 3-3133 || 1.0549 | 3-1406 || 1.0613 | 2.98590 
0490 | 3.3102 || 1.0550 | 3-1379 || 1.0614 | 2.9835 
049 | 3.3072 || 1.0551 | 3.1352 || 1.0615 | 2.9810 
0492 | 3.3042 || 1.0552 | 3-1325 || 1.0616 | 2.9786 
.0493 | 3-30I1 1.0553 | 3-1208 || 1.0617 | 2.9762 
0404 | 3.2081 || 1.0554 | 3-1271 || 1.0618 | 2.9738 
0495 | 3-2951 I.0555 | 3-1244 || 1.0619 | 2.9713 
.0496 | 3.2921 |} 1.0556 | 3.1217 || 1.0620 | 2.9689 
0497 | 3.2891 || 1.0557 | 3-1190 || 1.0622 | 2.9665 
0498 | 3.2861 |] 1.0558 | 3-1163 || 1.0623 | 2.9641 
+0442 | 3.4732 .0499 | 3-2831 |] 1.0559 | 3-1137 || 1.0624 | 2.9617 
0443 | 3.4698 .0500 | 3.2801 |] 1.0560 | 3.1110 |] 1.0625 | 2.9503 
.0444 | 3.4665 |} r.osor | 3.2772 || 1.0561 | 3.1083 |) 1.0626 | 2.9569 
0445 | 3.4632 || 1.0502 | 3-2742 || 1.0562 | 3.1057 || 1.0627 | 2.0545 


.0304 | 3.8059 | 46 14 
0365 | 3.8018 | 45 15 
.0366 | 3.7078 | 44 16 
0367 | 3-7937 | 43 17 
.0367 | 3.7897 | 42 18 
.0368 | 3.7857 | 41 19 
.0369 | 3.7816 | 40 20 
0370 | 3-7776 | 39 21 
0371 | 3-7736 | 38 || 22 
0371 | 3-7607 | 37 23 
.0372 | 3.7657 | 36 24 
0373 | 3-7617 | 35 25 
0374 | 3-7577 | 34 20 
0375 | 3-7538 | 33 27 
0376 | 3-7498 | 32 || 28 
0376 | 3.74590 | 31 20 
0377 | 3-7420 | 3° 30 
.0378 | 3.7380 | 29 31 
-0379 | 3-7341 | 28 32 
1O380) |) 3576028 | 6271 33 
.0381 | 3.7263 | 26 34 
352 || 32-7224 || 25 35 
.0382 | 3.7186 | 24 36 
.0383 | 37147 | 23 37 
0384 | 3.7108 | 22 38 
.0385 | 3.7070 | 21 39 
.0386 | 3.7031 | 20 40 


14 | 1.0232 | 4.7193 || 1.0273 | 4.3684 || 1.0317 | 4.0072 
15 | 1.0233 | 4.7130 || 1.0273 | 4.3630 || 1.0317 4.0625 
16 | 1.0234 | 4.7067 || 1.0274 | 4.3576 || 1.0318 | 4.0579 
17 | 1.0234 | 4.7004 || 1.0275 | 4.3522 || 1.0319 } 4.0532 
18 | 1.0235 | 4.6942 || 1.0276 | 4.3469 || 1.0320 | 4.0486 
19 | 1.0235 | 4.6879 || 1.0276 | 4.3415 || 1.0320 | 4.0440 
20 | 1.0236 | 4.6817 || 1.0277 | 4.3362 || 1.0321 | 4.0304 


21 | 1.0237 | 4.6754 || 1.0278 | 4.3309 || 1.0322 | 4.0348 
22 | 1.0237 | 4.6692 || 1.0278 | 4.3256 || 1.0323 | 4.0302 
23 | 1.0238 | 4.6631 1.0279 | 4.3203 || 1.0323 | 4.0256 
24 | 1.0239 | 4.6569 || 1.0280 | 4.3150 || 1.0324 | 4.0211 
25 | 1.0239 | 4.6507 |] 1.0280 | 4.3098 || 1.0325 | 4.0165 
26 | 1.0240 | 4.6446 |] 1.0281 | 4.3045 |] 1.0326 | 4.0120 
27 | 1.0241 | 4.6385 || 1.0282 | 4.2993 || 1.0327 | 4.0074 
28 | 1.0241 | 4.6324 ||} 1.0283 | 4.2041 || 1.0327 | 4.0029 
29 | 1.0242 | 4.6263 || 1.0283 | 4.2888 || 1.0328 | 3.0984 
30 | 1.0243 | 4.6202 || 1.0284 | 4.2836 || 1.0329 | 3-9039 


31 | 1.0243 | 4.6142 || 1.0285 | 4.2785 || 1.0330 | 3.9804 
32 | 1.0244 | 4.6081 || 1.0285 | 4.2733 || 1.0330 | 3.9850 
33 | 1.0245 | 4.6021 || 1.0286 | 4.2681 || 1.0331 | 3.9805 
34 | 1.0245 | 4.5061 || 1.0287 | 4.2630 || 1.0332 | 3.9760 
35 | 1.0246 | 4.5901 || 1.0288 | 4.2579 |} 1.0333 | 3.9716 
36 | 1.0247 | 4.5841 || 1.0288 | 4.2527 || 1.0334 | 3-9672 
37 | 1.0247 | 4.5782 || 1.0289 | 4.2476 || 1.0334 | 3-9627 
38 | 1.0248 | 4.5722 || 1.0290 | 4.2425 || 1.0335 | 3.9583 
39 | 1.0249 | 4.5663 || 1.0291 | 4.2375 || 1.0336 | 3.9530 
4o | 1.0249 | 4.5604 || 1.0291 | 4.2324 || 1.0337 | 3.9495 
4t | 1.0250 | 4.5545 || 1.0202 | 4.2273 || 1.0338 | 3.9451 0387 | 3.6903 | 19 41 
42 | 1.0251 | 4.5486 || 1.0293 | 4.2223 || 1.0338 | 3.9408 .0387 | 3.6955 | 18 42 
43 | 1.0251 | 4.5428 || 1.0293 | 4.2173 || 1.0339 | 3.0364 || 1.0388 | 3.6917 | 17 43 
44 | 1.0252 | 4.5369 || 1.0294 | 4.2122 || 1.0340 | 3.9320 || 1.0389 | 3.6878 | 16 44 
45 | 1.0253 | 4.5311 |} 1.0295 | 4.2072 || 1.0341 | 3.9277 || 1.0300 | 3.6840 | 15 45 
46 | 1.0253 | 4.5253 || 1.0296 | 4.2022 || 1.0341 | 3.9234 || 1.0301 | 3.6802 | 14 46 
47 | 1.0254 | 4.5195 || 1.02906 | 4.1972 || 1.0342 | 3.9190 || 1.0392 | 3.6765 | 13 47 
48 | 1.0255 | 4-5137 || 1.0207 | 4.1923 || 1.0343 | 3.9147 || 1.0303 | 3.6727 | 12 48 .0446 | 3.4598 || 1.0503 | 3.2712 || 1.0563 | 3-1030 |] 1.0628 | 2.9521 
49 | 1.0255 | 4-5079 || 1.0298 | 4.1873 || 1.0344 | 3.9104 || 1.0393 | 3-6689 | 11 49 0447 | 3.4565 || 1.0504 | 3-2683 || 1.0565 | 3-1004 || 1.0629 | 2.0407 
50 | 1.0256 | 4.5021 || 1.0209 | 4.1824 || 1.0345 | 3.9061 || 1.0304 | 3.6651 | 10 50 | 1.0448 | 3.4532 || 1.0505 | 3-2653 || 1.0566 | 3.0077 || 1.0630 | 2.0474 


51 | 1.0257 | 4.4964 || 1.0299 | 4.1774 || 1.0345 | 3.9018 || 1.0395 | 3.6614 51 | 1.0448 | 3.4408 || 1.0506 | 3.2624 |} 1.0567 | 3.0951 || 1.0632 | 2.9450 
52 | 1.0257 | 4.4907 || 1.0300 | 4.1725 || 1.0346 | 3.8976 || 1.0396 | 3.6576 52 | 1.0449 | 3.4465 || 1.0507 | 3.2504 || 1.0568 | 3.0925 |} 1.0633 | 2.9426 
53 | 1.0258 | 4.4850 || 1.0301 | 4.1676 || 1.0347 | 3.8933 || 1.0307 | 3.6539 53 | 1.0450 | 3-4432 || 1.0508 | 3.2565 1.0569 | 3.0808 |] 1.0634 | 2.9402 
54 | 1.0250 | 4.4793 || 1.0302 | 4.1627 || 1.0348 | 3.8900 || 1.0308 | 3.6502 54 | 1.0451 | 3.4300 || 1.0509 | 3.2535 || 1.0570 | 3.0872 || 1.0635 | 2.9379 
55 | 1.0260 | 4.4736 || 1.0302 | 4.1578 || 1.0349 | 3.8848 || 1.0300 | 3.6464 1.0452 | 3.4366 || 1.0510 | 3.2506 || 1.0571 | 3.0846 || 1.0636 | 2.0355 
56 | 1.0260 | 4.4679 || 1.0303 | 4.1529 || 1.0349 | 3.8805 || 1.0399 | 3.6427 56 | 1.0453 | 3-4334 || 1-0511 | 3-2477 || 1.0572 | 3.0820 || 1.0637 | 2.9332 
57 | 1.0261 | 4.4623 || 1.0304 | 4.1481 || 1.0350 | 3.8763 || 1.0400 | 3.6390 57 | 1.0454 | 3-4301 |] 1.0512 | 3-2448 || 1.0573 | 3.0793 |} 1.0638 | 2.9308 
58 | 1.0262 | 4.4566 || 1.0305 | 4.1432 || 1.0351 | 3.8721 || 1.0401 | 3.6353 58 | 1.0455 | 3.4268 |} 1.0513 | 3-2419 || 1.0574 | 3.0767 || 1.0639 | 2.9285 
59 | 1.0262 | 4.4510 |] 1.0305 | 4.1384 || 1.0352 | 3.8679 || 1.0402 | 3.6316 59 | 1.0456 | 3.4236 || 1.0514 | 3.23090 || 1.0575 | 3.0741 |} 1.0641 | 2.9261 
60 | 1.0263 | 4.4454 || 1.0306 | 4.1336 || 1.0353 | 3.8637 || 1.0403 | 3.6279 1.0457 | 3-4203 || 1.0515 | 3.2361 || 1.0576 | 3.0715 || 1.0642 | 2.9238 


0415 | 3.5772 
0416 | 3.5736 
.0417 | 3.5700 
0418 | 23-5665 
.0419 | 3.5020 
70420 | 3-5594 
10420 | 3-5559 
20421 | 3.5523 
0422 | 3.5488 
0423 | 3.5453 
0424 | 3.5418 
0425 | 3.5383 
.0426 | 3.5348 
.0427 | 3.5313 
.0428 | 3.5279 
.0428 | 3.5244 
.0429 | 3.5209 
.0430 | 3-5175 
.0431 | 3.5140 
0432 | 3.5106 
.0433 | 3-5072 
.0434 | 3-5037 
10435 | 3-5003 
0436 | 3.4969 
0437 | 3-4935 
.0438 | 3.4901 
.0438 | 3.4867 
0439 | 3-4833 
.0440 | 3.4709 
.0441 | 3.4766 
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TALBE 5.—NATURAL TRIGONOMETRIC F UNCTIONS— (Continued) 


20° 24° 22° 23° 24° 25° 26° 
ks Sec. |!Co-src.|) Src. |Co-sec.|| Src. |Co-src.|| Src. |Co-sec. | ’ , Sec. || Co-src Src. | Co-sEc.|| Src." | Co-sec. 
© | 1.0642 | 2.9238 || 1.0711 | 2.7904 || 1.0785 | 2.6695 || 1.0864 | 2.5503 tes Pa z 
x | 1.0643 | 2.9215 || 1.0713 | 2.7883 || 1.0787 | 2.6675 || 1.0865 | 2.8875 | 50 © | 1.0946 | 2.4586 || 1.1034 | 2.3662 |} 1.1126 | 2.2812 
; 1 | 1.0948 | 2.4570 || 1.1035 | 2.3647 || 1.1127 | 2.2708 
2 | 1.0644 | 2.9101 || 1.0714 | 2.7862 |} 1.0788 | 2.6656 || 1.0866 | 2.5558 | 58 
2 | 1.0049 | 2.4554 || 1.1037 | 2.3632 || 1.1129 | 2.2784 
3 | 1.0645 | 2.9168 || 1.0715 | 2.7841 || 1.0780 | 2.6637 || 1.0868 | 2.5540 | 57 
: 3 | 1.0951 | 2.4538 || 1.1038 | 2.3618 || 1.1131 | 2.2771 
4 | 1.0646 | 2.9145 || 1.0716 | 2.7820 |] 1.0790 | 2.6618 || 1.0869 | 2.5523 | 56 4 | 1.0952 | 2.4522 || r.1040 | 2.3603 || 1.1132 | 2.2757 
5 | 1.0647 | 2.9122 || 1.0717 | 2.7799 || 1.0702 | 2.6599 || 1.0870 | 2.5506 | 55 4 eae i 3688 % . 
aid ae ) 5 5 | 1.0953 | 2.450 1.1041 | 2.35 I.1134 | 2.2744 
6 | 1.0648 | 2.9098 |] x.0719 |; 2.7778 || 1.0793 | 2.6580 || 1.0872 | 2.5488 -| 54 
6 | 1.0955 | 2.4490 || 1.1043 | 2.3574 || 1.1135 | 2.2730 
7 | 1.0650 | 2.0075 || 1.0720°| 2.7757 || 1.0704 | 2.6561 || 1.0873 | 2.5471 | 53 TGOKO 
06 .9052 || 1.072 7730 || 1. 2.6 087 2. a 1099 ReMi NIRS 5 lf ee RIL) ieee ra Laer) 
8 | 1.0651 | 2.905 721 | 2.773 795 5542 || 1.0874 5453 | 52 8 | r.0o58 | 2.4458 || 1.1046 | 2.3544 || 1.1139 | 2.2703 
9 | x.0652 | 2.9029 || 1.0722 | 2.7715 || 1.0707 | 2.6523 || 1.0876 | 2.5436 | 51 9 | 1.0059 2.4442 1.1047 2.3530 1.1140 2.2609 
es ee ae, ie ae ner fae ae s° 10 | 1.0961 | 2.4426 || 1.1049 | 2.3515 || 1.1142 | 2.2676 
a x 7674 A 2.64) 1.0 2.5402 | 40 
12 | 1.0655 | 2.8960 || 1.0726 | 2.7653 || 1.0801 | 2.6466 || 1.0880 | 2.5384 | 48 :: seen Pekan lerence ae ans pas 
ki .0903 | 2.4395 || 1.1052 | 2.34 1.1145 | 2.2650 
13 | 2.0656 | 2.8937 |} 1.0727 | 2.7632 || 1.0802 | 2.6447 || 1.0881 | 2.5367 | 47 13 | 1.0965 | 2.4370 || 1.1053 | 2.3472 || x1-1147 | 2.2636 
14 | 1.0658 | 2.8915 || 1.0728 | 2.7611 || 1.0803 | 2.6428 |] 1.0882 | 2.5350 | 46 14 | 1.0066 | 2.4363 1.1058 ee 1.1148 | 22623 
15 | 1.0659 | 2.8892 || 1.0720 | 2.7501 || 1.0804 | 2.6410 || 1.0884 | 2.5333 | 45 : ; fi f ‘ 
> 15 | 1.0968 | 2.4347 || 1.1056 | 2.3443 || 1.1150 | 2.2610 
16 | 1.0660 | 2.8869 || 1.0731 | 2.7570 || 1.0806 | 2.6391 || 1.0885 | 2.5316 | 44 16 | 1.0969 | 2.4332 || 1.1058 | 2.3428 || x.r151 | 2.2506 
17 | 1.066r | 2.8846 || 1.0732 | 2.7550 || 1.0807 | 2.6372 |! 1.0886 | 2.52900 | 43 ‘ 
- 4 17 | 1.0971 | 2.4316 || 1.1059 | 2.3414 || 1.1153 | 2.2583 
18 | 1.0662 | 2.8824 |) 1-0733 | 2-7529 || r.0808 | 2.6353 || 1.0888 | 2.5281 | 42 18 | 1.0972 | 2.4300 || 1.1061 | 2.3300 || 1.1155 | 2.2570 
19 | 1.0663 | 2.8801 |} 1.0734 2.7509 1.0810 | 2.6335 || 1.0889 | 2.5264 | 41 19 | 1.0973 | 2.4285 || 1.1062 | 2.3385 || 1.1150 | 2.2556 
20 | 1.0664 | 2.8778 || 1.0736 | 2.7488 || 1.0811 | 2.6516 || 1.0891 | 2.5247 | 4o 20 | 1.0075 | 2.4269 || 1.1064 | 2.3377 || 1.1158 | 2.2543 
21 | 1.0666 | 2.8756 || 1.0737 | 2.7468 || 1.0812 | 2.6297 || 1.0892 | 2.5230 | 390 at | 1.0976 | 2.4254 || 1.1065 | 2.3356 || 1.1150 | 2.2530 
22 | 1.0667 | 2.8733 || 1.0738 | 2.7447 || 1.0813 | 2.6279 || 1.0803 | 2.5213 | 38 Pe) SSkehs 8 6 6 
is u 007 2.423 1.1067 | 2.3342 || 1.1161 | 2.2517 
23 1.0668 | 2.8711 1.07390 | 2.7427 || 1.0815 | 2.6260 || 1.0895 | 2.5196 | 37 23 1.0979 | 2.4222 1.1068 | 2.3328 || 1.1163 | 2.2503 
24 | 1.0669 | 2.8688 || 1.0740 | 2.7406 |} 1.0816 | 2.6242 |] 1.0896 | 2.5179 | 36 - 8 6 
4 | 1.0981 | 2.4207 |] 1.1070 | 2.3313 || 1.1164 | 2.2490 
25 | 1.0670 | 2.8666 || 1.0742 | 2.7386 || 1.0817 | 2.6223 || 1.0897 | 2.5163 | 35 25 | 1.0982 | 2.4101 1.1072 | 2.3299 || 1.1166 | 2.2477 
26 | 1.0671 | 2.8644 || 1.0743 | 2.7366 || 1.0819 | 2.6205 || 1.0899 | 2.5146 | 34 26 | 1.0984 | 2.4176 || 1.1073 | 2.3285 || 1.1167 | 2.2464 
27 | 1.0673 | 2.862r || 1.0744 | 2.7346 || 1.0820 | 2.6186 || 1.0900 | 2.5129 | 33 27 | 1.0985 | 2.4160 || 1.1075 | 2.3271 || r.1169 | 2.2451 
28 | 1.0674 | 2.8590 || 1.0745 | 2-7325 || 1.0821 | 2.6168 || 1.0902 | 2.5112 | 32 28 | 1.0086 | 2.4145 || 1.1076 | 2.3256 || r.1r71 | 2.2438 
29 | 1.0675 | 2.8577 || 10747 | 2-7305 || 1.0823 | 2.6150 || 1.0903 | 2.5095 | 31 29 | 1.0988 | 2.4130 || 1.1078 | 2.3242 || 1.1172 | 2.2425 
go | 1.0676 | 2.8554 || 1.0748 | 2.7285 || 1.0824 | 2.6131 || 1.0904 | 2.5078 | 30 30 | 1.0089 | 2.4114 || 1.1079 | 2.3228 || r.1r74 | 2.2411 
3r | 1.0677 | 2.8532 || 1.0749 | 2-7265 || 1.0825 | 2.6113 || 1.0906 | 2.5062 | 29 ; 3 ; 7 ; 2208 
32 | 1.0678 | 2.8510 || 1.0750 | 2.7245 || 1.0826 | 2.6095 || 1.0907 | 2.5045 | 28 S eae Bc cebets nes eet pee 
33 | 1.0679 | 2.8488 || 1.0751 | 2.7225 || 1.0828 | 2.6076 || 1.0908 | 2.5028 | 27 33 | 1.0004 | 2.4068 || 1.1084 | 2.3186 || 1.1179 | 2.2372 
34 | 1.0681 | 2.8466 || 1.0753 | 2-7205 || 1.0829 | 2.6058 || r.og10 | 2.5011 | 26 34 | 1.0095 | 2.4053 || 1.1085 | 2.3172 || 1.1180 | 2.2350 
35 | 1.0682 | 2.8444 || 1.0754 | 2.7185 || 1.0830 | 2.6040 || r.ogrr | 2.4995 | 25 35 | 1.0997 | 2.4037 || 1.1087 | 2.3158 || 1.1182 | 2.2346 
36 | 1.0683 | 2.8422 || 1.0755 | 2.7165 || 1.0832 | 2.6022 || 1.0913 | 2.4978 | 24 36 | 1.0008 | 2.4022 || 1.1088 | 2.3143 || 1.1184 | 2.2333 
37 | 1.0684 | 2.8400 || 1.0756 | 2.7145 || 1.0833 | 2-6003 || 1.0914 | 2.4961 | 23 37 | 1.1000 | 2.4007 |] 1.1090 | 2.3129 || 1.1185 | 2.2320 
38 | 1.0685 | 2.8378 || 1.0758 | 2.7125 || 1.0834 | 2-5085 |} 1.0915 | 2.4045 | 22 38 | r.1001 | 2.3992 || 1.1092 | 2.3115 || 1.1187 | 2.2307 
30 | 1.0686 | 2.8356 || 1.0759 | 2.7105 || 1.0836 | 2.5967 || 1.0917 | 2.4928 | 21 39 | 1.1003 | 2.3076 || 1.1003 | 2.3101 || 1.1189 | 2.2204 
4o | 1.0688 | 2.8334 || 1.0760 | 2.7085 || 1.0837 | 2-5949 || 1.0918 | 2.4912 | 20 4o | 1.1004 | 2.306r || r.1095 | 2.3087 || 1.1190 | 2.2282 
41 | 1.0689 | 2.8312 || 1.0761 | 2.7065 || 1.0838 | 2.5931 || 1.0920 2.4895 | 19 4r | r.t005 | 2.3046 || x.1006 | 2.3073 || 1.11902 | 2.2260 
42 | 1.0690 | 2.82 1.0763 .7045 || 1.0840 | 2.5913 || 1.0921 | 2.4879 | 18 42 | 1.1007 | 2.3931 || 1.1098 | 2.3050 || 1.1193 | 2.2256 
43 | 1.0691 | 2.8260 || 1.0764 | 2.7026 || 1.0841 | 2-5805 || 1.0022 | 2.4862 | 17 43 | 1.1008 | 2.3016 || 1.1099 | 2.3046 || r.11905 | 2.2243 
44 | 1.06092 | 2.8247 || 1.0705 2.7006 1.0842 | 2.5877 || 1.0924 | 2.4846 | 16 44 | 1.1010 | 2.3001 || r.110r.| 2.3032 || r.1107 | 2.2230 
45 | 1.0604 | 2.8225 || 1.0766 | 2.6986 || 1.0844 | 2.5859 || 1.0925 | 2.4829 | 15 45 | 1.to1r | 2.3886 || r.r102 | 2.3018 || 1.1198 | 2.2217 
46 | 1.0695 | 2.8204 || 1.0768 | 2.6067 |} 1.0845 | 2.584r || 1.0027 | 2.4813 | 14 || 46 | r.1013 | 2.3871 || r.1104 | 2.3004 || 1.1200 | 2.2204 
47 | 1.0606 | 2.8182 || 1.0769 | 2.6047 || 1.0846 | 2-5823 |) 1.0928 | 2.4707 | 13 47 | 1.1014 | 2.3856 || 1.1106 | 2.2990 || 1.1202 | 2.2192 
48 | 1.0697 | 2.8160 || 1.0770 | 2.6927 || 1.0847 | 2-5805 |} 1.0929 | 2.4780 | 12 48 | 1.1016 | 2.3841 || r.1107 | 2.2076 || 1.1203 | 2.2170 
49 | 1.0608 | 2.8139 || 1.0771 2.6908 || 1.0849 | 2.5787 || 1.0931 | 2.4764 | 11 49 | 1.1017 | 2.3826 || r.1109 | 2.2962 || 1.1205 | 2.2166 
50 | 1.0699 | 2.8117 || 1.0773 | 2.6888 || 1.0850 | 2.5770 || 1.0932 | 2.4748 | 10 || 59 | z.1019 | 2.38x1 || x.r110 | 2.2949 || 1.1207 | 2.2153 
5X | 1.0701 | 2.8006 || 1.0774 | 2.6869 || 1.0851 | 2.5752 || 1.0034 | 2.4731 | 9 || sr | x.1020 | 2.3706 || 1.1112 | 2.2035 || 1.1208 | 2.2141 
52 | 1.0702 | 2.8074 || 1.0775 | 2-6849 || 1.0853 | 2.5734 || 1.0035 | 2-4715 8 52 | 1.1022 | 2.3781 || 1.1113 | 2.2021 || 1.1210 | 2.2128 
53 | 1.0703 | 2.8053 || 1.0776 | 2.6830 || 1.0854 | 2.5716 || 1.0936 | 2.46990 7 53 | 1.1023 | 2.3766 || r.1115 | 2.2907 || 1.1212 | 2.2115 
54 | 1.0704 | 2.8032 || 1.0778 | 2.6810 |} 1.0855 | 2.5699 || 1.0938 | 2.4683 6 54 | 1.1025 | 2.3751 || 1.1116 | 2.2804 || 1.1213 | 2.2103 
55 | 1.0705 | 2.8010 || 1.0779 | 2.6791 || 1.0857 | 2.5681 || 1.0939 | 2.4666 5 55 | 1.1026 | 2.3736 || 1.1118 | 2.2880 || 1.1215 | 2.2090 
56 | 1.0707 | 2.7089 || 1.0780 | 2.6772 || 1.0858 | 2-5663 || 1.0041 | 2.4650 4 56 | x.1028 | 2.3721 || 1.1120 | 2.2866 || 1.1277 | 2.2077 
57 | 1.0708 | 2.7968 || 1.0781 | 2.6752 || 1.0859 | 2-5646 || 1.0942 | 2.4634 | 3 || 57 | 1.1029 | 2.3706 || 1.1121 | 2.2853 || 1.1218 | 2.2065 
58 | 1.0709 | 2.7047 || 1.0783 | 2.6733 || 1.0861 | 2.5628 || 1.0043 | 2.4618 2 || 58 | x.1031 | 2.3601 || 1.1123 | 2.2839 || 1.1220 | 2.2052 
59 | I-0710 | 2.702 1.0784 | 2.6714 || 1.0862 | 2.5610 || 1.0045 | 2.4602 qT 59 | 1.1032 | 2.3677 || 1.1124 | 2.2825 || 1.1222 | 2.2039 
1.0711 | 2.7904 || 1.0785 | 2.6695 || 1.0864 | 2.5593 || 1.0046 | 2.4586 | 9 || 60 | 1.1034 | 2.3662 || 1.1126 | 2.2812 |] 1.1223 | 2.2027 
’ |Co-sec.| Src. sees a SEC Co-sEC. 2 SEc. eran SEc. 6 ’ |Co-sec.! Sec. ||Co-sec.| Sec. Coste Src. 
69° 2 65° 64° 3° 


Zils 
Src. | Co-sEc. 
1.1223 | 2.2027 
1.1225 | 2.2014 
1.1226 | 2.2002 
1.1228 | 2.1989 
1.1230 | 2.1977 
I.123I | 2.1964 
1.1233 | 2.1952 
1.1235 | 2.1939 
1.1237 | 2.1927 
1.1238 | 2.1914 
I.1240 | 2.1902 
1.1242 | 2.1889 
1.1243 | 2.1877 
1.1245 | 2.1865 
1.1247 | 2.1852 
1.1248 | 2.1840 
1.1250 | 2.1828 
1.1252 | 2.1815 
1.1253 | 2.1803 
1.1255 | 2.1791 
1.1257 | 2.1778 
1.1258 | 2.1766 
1.1260 | 2.1754 
1.1262 | 2.1742 
1.1264 | 2.1730 
1.1265 | 2.1717 
1.1267 | 2.1705 
1.1269 | 2.1693 
1.1270 | 2.1681 
1.1272 | 2.1669 
1.1274) | 2.1057 
1.1275 | 2.1645 
I.1277 | 2.1633 
I.1279 }] 2.1620 
1.1281 | 2.1608 
1.1282 | 2.1596 
1.1284 | 2.1584 
1.1286 | 2.1572 
1.1287 | 2.1560 
1.1289 | 2.1548 
I.1291I | 2.1536 
1.1293 | 2.1525 
1.1294 | 2.1513 
1.1296 | 2.1501 
1.1298 | 2.1489 
1.1299 | 2.1477 
1.1301 | 2.1465 
1.1303 | 2.1453 
1.1305 | 2.1441 
I.1306 | 2.1430 
1.1308 | 2.1418 
I.1310 | 2.1406 
I.1312 | 2.1304 
1.1313 | 2.1382 
I.IZ15 | 2.1371 
1.1317 | 2.1359 
I.1319 | 2.1347 
1.1320 | 2.1335 
1.1322 | 2.1324 
1.1324 | 2.1312 
1.1326 | 2.1300 
Co-sEc.! Src. 
62° 
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TALBE 5.—NATURAL TRIGONOMETRIC Funcrions—(Continued) 


f 


OH NWEU DAN COO 


28° 29° 30° ae 32° 33° 34° 352 
’ | Sec. |Co-sec.|| Sec. |Co-sec.|| Src. |Co-sEc.|| Sec. | Co-src.| ’ ’ | Sec. |Co-sEc.|| Sec. |Co-srec.|| Src. |Co-sEc.|| Src. | Co-sEc. 
o | 1.1326 | 2-1300 || 1.1433 | 2.0627 || 1.1547 | 2.0000 || 1.1666 | 1.9416 | 60 © | 1.1792 | 1.8871 || 1.1924 | 1.8361 || 1.2062 | 1.7883 || 1.2208 | 1.7434 
x | 1.1327 | 2.1289 || 1.1435 | 2.0616 || 1.1549 | 1-9990 || 1.1668 | 1.9407 | § I | 1.1794 | 1.8862 || 1.1926 | 1.8352 || 1.2064 | 1.7875 || 1.2210 | 1.7427 
2 | 1.1329 | 2.1277 || 1.1437 | 2.0605 || 1.1551 | 1.9980 || 1.1670 | 1.9397 | 58 2 | 1.1796 | 1.8853 || 1-1928 | 1.8344 || 1.2067 | 1.7867 |] 1.2213 | 1.7420 
3 | 12-1331 | 2.1266 || 1.1439 | 2.0504 || 1.1553 | 31-9970 || 1.1672 | 1.9388 | 57 3 | 1.1798 | 1.8844 |] 1.1930 | 1.8336 |] 1.2069 | 1.7860 || 1.2215 | 1.7413 
4 | 31-1333 | 2-1254 || 1-1441 | 2.0583 || 1.1555 | 1.9960 || 1.1674 | 1.9378 | 56 4 | 1.1800 | 1.8836 |} 1.1933 | 1.8328 || 1.2072 | 1.7852 || 1.2218 | 1.7405 
5 | 1.1334 |. 2-1242 || 1.1443 | 2.0573 || 1-1557 | I-9950 || 1.1676 | 1.93690 | 55 5 | 1-1802 | 1.8827 || 1.1935 |} 1.8320 || 1.2074 | 1-7844 || 1.2220 | 1.7308 
6 | 1.1336 | 2.1231 || 1.1445 | 2.0562 || 1.1559 | 1-9940 || 1.1678 | 1.9360 | 54 6 | 1.1805 | 1.8818 |] 1.1937 | 1.8311 || 1.2076 | 1.7837 |} 1.2223 | 1.7301 
7 | 1.1338 | 2.1219 || 1.1446 | 2.0551 || 1.1561 | 1.9930 || 1-168r | 1.9350 | 53 7 | 1.1807 | 1.8809 |] 1-1939 | 1.8303 || 1-2070 | 1.7829 || 1.2225 | 1.7384 
8 | 1.1340 | 2.1208 || 1.1448 | 2.0540 || 1.1562 | 1.9920 || 1.1683 | 1.9341 | 52 8 | 1.1809 | 1.8801 || 1.1942 | 1.8295 |] 1.2081 | 1.7821 || 1.2228 | 1.7377 
9 | 1.1341 | 2.1196 || 1.1450 | 2.0530 |} 1.1564 | 1.9910 || 1.1685 | 1.9332 | 51 9 | 1.1811 | 1.8792 || 1.1944 | 1.8287 |] 1.2083 | 1.7814 || 1.2230 | 1.7360 
Io | 1.1343 | 2.1185 || 1.1452 | 2.0519 |] 1.1566 | 1.9900 || 1.1687 | 1.9322 | 50 to | 1.1813 | 1.8783 || 1.1946 | 1.8279 |] 1.2086 | 1.7800 |} 1.2233 | 1.7362 
11 | 1.1345 | 2.1173 || 1-1454 | 2.0508 |] 1.1568 | 1.9890 || 1.1689 | 1.9313 | 49 rr | 1.1815 | 1.8785 || 1.1948 | 1.8271 || 1.2088 | 1.7798 |} 1.2235 | 1.7355 
12 | 1.1347 | 2.1162 || 1.1456 | 2.0408 || 1.1570 | 1.9880 || 1.1691 | 1.9304 | 48 12 | 1.1818 | 1.8766 || 1.1951 | 1.8263 |] 1.2091 | 1-7791 || 1.2238 | 1.7348 
13 | 1.1349 | 2.1150 |] 1.1458 | 2.0487 || 1.1572 | 1.9870 || 1.1693 | 1.9205 | 47 13 | 1.1820 | 1.8757 |] 1.1953 | 1.8255 |] 1.2093 1.7783 1.2240 | 1.7341 
14 | 1.1350 | 2.1139 || 1-1459 | 2.0476 || 1.1574 | 1.9860 || 1.1695 | 1.9285 | 46 14 | 1.1822 | 1.8749 || I-1955 | 1.8246 || 1.2095 | 1.7770 || 1.2243 | 1.7334 
15 | 1.1352 | 2.1127 || 1.1461 | 2.0466 || 1.1576 | 1.9850 || 1.1697 | 3.9276 | 45 15 | 1.1824 | 1.8740 || 1.1058 | 1.8238 |] 1.2098 | 1.7768 || 1.2245 | 1.7327 
16 | 1.1354 | 2.1116 || 1.1463 | 2.0455 |] 1.1578 | 1.9840 || 1.1699 | 3.9267 | 44 16 | 1.1826 | 1.8731 || I-1960 | 1.8230 |] 1.2100 | 1.7760 || 1.2248 | 1.7319 
17 | 1.1356 | 2.1104 || 1.1465 | 2.0444 || 1.1580 | 1.9830 || 1.1701 | 1.9258 | 43 17 | 1.1828 | 1.8723 || 1.1962 | 1.8222 || 1.2103 | 1.7753 || 1.2250 | 1.7312 
18 | 1.1357 | 2.1093 || 1.1467 | 2.0434 || 1.1582 | 1.9820 || 1.1703 | 1.9248 | 42 18 | 1.1831 | 1.8714 || 1.1964 | 1.8214 || 1.2105 | 1.7745 || 1.2253 | 1.7305 
I9 | I-1359 | 2.1082 || 1.1469 | 2.0423 || 1.1584 | 1.0811 || 1.1705 | 1.9230 | 41 19 | 1.1833 | 1.8706 |} 1-1967 | 1.8206 || 1.2107 | 1.7738 || 1-2255 | 1.7208 
20 | 1.1361 | 2.1070 || 1.1471 | 2.0413 || 1.1586 | 1.9801 |] 1.1707 | 1.9230 | 40 20 | 1.1835 | 1.8697 || 1.1969 | 1.8198 || 1.2110 | 1.7730 || 1.2258 | 1.7291 
2I | 1.1363 | 2.1059 || 1.1473 | 2.0402 || 1.1588 | 1.9791 || I.1709 | 1.9221 | 39 ar | 1.1837 | 1.8688 |} 1.1971 | z.8190 || 1.2112 | 1.7723 || 1.2260 | 1.7284 
22 | 1.1365 | 2.1048 || 1.1474 | 2.0392 || 1.1590 | 1.9781 || 1.1712 | 1.9212 | 38 22 | 1.1839 | 1.8680 || 1.1974 | 1.8182 || 1.2115 | 1.7715 || 1.2263 | 1.7277 
23 | 1.1366 | 2.1036 || 1.1476 | 2.038x || 1.1592 | 1.0771 || 1.1714 | 1-9203 | 37 23 | 1.1841 | 1.8671 || 1.1976 | 1.8174 || 1.2117 | 1.7708 || 1.2265 | 1.7270 
24 | 1.1368 | 2.1025 || 1.1478 | 2.0370 || 1.1504 | 1.9761 || 1.1716 | 1.9193 | 36 24 | 1.1844 | 1.8663 |] 1.1978 | 1.8166 || 1.2119 | 1.7700 || 1.2268 | 1.7263 
25 | 1.1370 | 2.1014 || 1.1480 | 2.0360 || 1.1506 | 1.9752 || 1.1718 | 1.9184 | 35 25 | 1.1846 | 1.8654 |} 1.1980 | 1.8158 || 1.2122 | 1.7693 || 1.2270 | 1.7256 
26 | 1.1372 | 2.1002 || 1.1482 | 2.0349 || 1.1598 | 1.9742 || 1.1720 | 1.9175 | 34 26 | 1.1848 | 1.8646 || 1.1983 | 1.8150 || 1.2124 | 1.7685 || 1.2273 | 1.7249 
27 | 1.1373 | 2.0991 |} 1.1484 | 2.0339 || 1.1600 | 1.9732 || 1.1722 | 1.9166 | 33 27 | 1.1850 | 1.8637 || 1.1985 | 1.8142 || 1.2127 | 1.7678 1.2276 1.7242 
28 | 1.1375 | 2.0980 || 1.1486 | 2.0320 || 1.1602 | 1.9722 || 1.1724 | 1.9157 | 32 28 | 1.1852 | 1.8629 || 1.1987 | 1.8134 || 1.2129 | 1.7670 || 1.2278 1.7234 
29 | 1.1377 | 2.0969 || 1.1488 | 2.0318 || 1.1604 | 1.9713 || 1.1726 | 1.9148 | 31 29 | 1.1855 | 1.8620 || 1.1990 | 1.8126 || 1.2132 | 1.7663 || 1.2281 1.7227 
30 | 1-1379 | 2.09057 || 1-1489 | 2.0308 || 1.1606 | 1.9703 || 1.1728 | 1.9139 | 30 go | 1.1857 | x.8611 || 1.1992 | 1.8118 || 1.2134 | 12-7655 || 1.2283 1.7220 
31 | 1.1381 | 2.0946 |] 1.1491 | 2.0297 || 1.1608 | 1.9693 || 1.1730 | 1.9130 | 2 31 | 1.1859 | 1.860. I.1 1.8110 || I.27 -76. 
32 | 1.1382 | 2.0935 || 1.1493 | 2.0287 || 1.1610 | 1.9683 || 1.1732 | 1.9121 28 32 | 1.1861 Se aes 1.8102 ape ae epee ee 
33 | 1-1384 | 2.0924 || 1.1495 | 2.0276 |; 1.1612 | 1.9674 || 1.1734 | I.9112 | 27 33 | 1.1863 | 1.8586 || 1-1909 | 1.8094 || 1.2141 | 1.7633 || 1.2291 T.71 
34 | 1.1386 | 2.0912 || 1.1407 | 2.0266 |] 1.1614 | 1.9664 || 1.1737 | r.9102 | 26 34 | 1.1866 | 1.8578 || 1.2001 | 1.8086 || r.2144 | 1.7625 || 1.2203 I. Be 
35 | 31-1388 | 2.0901 |} 1.1499 | 2.0256 || 1.1616 | 1.9654 || 1.1730 | 1.9093 | 25 35 | 1.1868 | 1.8569 || 1.2004 | 1.8078 |] 1.2146 | 1.7618 || 1.2206 ee 
36 | 1-1390 | 2.0890 |] 1.1501 | 2.0245 || 1.1618 | 1.9645 || 1.1741 | 1.9084 | 24 36 | 1.1870 | 1.8561 |] 1.2006 | 1.8070 || 1.2149 | 1.7610 |] 1.2208 roore 
37 | 1-1301 | 2.0879 |] 1.1503 | 2.0235 |! 1.1620 | 1.9635 || 1.1743 | 1.9075 | 23 37 | 1.1872 | 1.8552 || 1.2008 | 1.8062 || 1.2151 | 1.7603 || 1.2301 I. 171 
38 | 1.1303 | 2.0868 || 1.1505 | 2.0224 || 1.1622 | 1.9625 || 1.1745 | 1.9066 | 22 38 | 1.1874 | 1.8544 || 1.2010 | 1.8054 || 1.2153 | 1-7500 1.2304 ae 
39 | 1-1305 } 2.0857 || 1.1507 | 2.0214 || 1.1624 | 1.9616 || 1.1747 | 1.9057 | 21 39 | 1.1877 | 1.8535 || 1.2013 | 1.8047 || 1.2156 | 1.7588 1.2 06 ae ; 
4° | 1.1307 | 2.0846 || 1.1508 | 2.0204 || 1.1626 | 1.9606 || 1.1749 | 1.9048 | 20 40 | 1.1879 | 1.8527 || 1.2015 | 1.8039 || 1.2158 1.7581 ee see 
41 | 1.1399 | 2.0835 || I.1510 | 2.0194 |] 1.1628 | 1.9506 |] 1.1751 | 1.9030 | x I | 1.1881 | 1.851 I.2 
42 | 1.1401 | 2.0824 || 1.1512 | 2.0183 || 1.1630 | 1.9587 || 1.1753 foe 3 os 1.1883 noes Me oe Soe ee eee ae ps yes 
43 | 1.1402 | 2.0812 || 1.1514 } 2.0173 || 1.1632 | 1.9577 || 1.1756 | 1.9021 | 17 43 | 1.1886 | 1.8502 || 1.2022 | 1.8015 || 1.2166 | 1.755 1.2 16 Be 
44 | 1.1404 | 2.0801 || 1.1516 .0163 || 1.1634 | 1.9568 || 1.1758 | 1.9013 | 16 44 | 1.1888 | 1.84093 || 1.2024 | 1.8007 1.2168 ee ee Er 
45 | 1.1406 | 2.0790 || 1.1518 | 2.0152 || 1.1636 | 1.9558 |] 1.1760 | 1.9004 | 15 45 | 1-1890 | 1.8485 || 1.2027 | 1.7000 hoa 1.78 foo ae 
a See ee See 2.0142 se 1.9549 ie 13095 14 46 | 1.1892 | 1.8477 || 1.2029 | 1.7092 1.2173 epee os foes 
5 07 A 2.0132 |} 1.1640 | 1.9539 || 1.1764 | 1. I T-rS! 1.8 - : : 
48 | 1.1411 | 2.0757 || 1.1524 | 2.0122 || 1.1642 | 1.9530 || 1.1766 von = 43 i. ok Boos, ee Sates ee le alee 
49 | 1.1413 | 2.0746 || 1.1526 | 2.orr1 || 1.16 Ts SB ie os map aea (Mg ed 
5 A4 9520 || 1.1768 | 1.8968 | x1 49 | 1.1899 | 1.8452 || 1.2036 | 1.7068 || 1.2180 | 1.751 I 838 
50 | 1.1415 | 2.0735 |} 1.1528 |,2.0101 || 1.1646 | 1.9510 || 1.1770 | 1.8059 | Io 5° | I.1901 | 1.8443 || 1.2039 | 1.7960 1.2183 oe Rees ieee 
5I | 1.1417 | 2.0725 || 1.1530 | 2.0091 |] 1.1648 | 1.9501 || 1.1772 | 1.8950 9 Eee he 1.8 1.2 ; 
oe ae oe se ae: B10 oes 1.1775 eu 8 52 oe Ge 4 he ae ee es ee 
s . : 2.0071 || 1.1652 | 1.9482 || 1.1777 | 1.8932 7 53 | 1.1908 | 1.8418 || 1.2046 | 3.7037 || 1.21 1.748 : : 6 
54 | 1.1422 | 2.0692 || 1.1535 | 2.0061 || 1.1654 | 1.9473 || 1.1779 | 1.8924 6 54 | I.-1910 | 1.8410 || 1 8 Gi aie Eber ere on| Lo 
55 | 21-1424 | 2.0681 1.1537 | 2.0050 |} 1.1656 | 1.9463 |] 1.1781 | 1.8015 5 55 ae 12 Psy ae Esse | eae oa Beagle sete 
56 | 1.1426 | 2.0670 || 1.1539 | 2.0040 || 1.1658 | 1.9454 1.1783 | 1.8906 4 56 eae See eee ee Sears bp a Sa 
57 | 31-1428 | 2.0659 || 1.1541 | 2.0030 || 1.1660 | 1.9444 ||'1.1785 1.88097 3 57 ae I 8286 peierea iasieayadllpweceel imi a) eo) | = eee 
58 | 1.1430 | 2.0648 || 1.1543 | 2.0020 || 1.1662 | 1.9435 || 1.1787 | 1.8888 2 58 ie I 83 ra Wee Weg oe | easter ag oan cee | 
5 : ¥ . -7898 || 1.220 I 
59 | 1-1432 | 2.0637 || I-1545 | 2.0010 || 1.1664 | 1.9425 || 1.1700 | 1.8870 I et as io Bebo te Sate : TA ae 
60 | 1.1 2.062 I. : : 1921 | 1.8369 || 1.2060 | 1.7891 || 1.2205 | 1.7442 || 1.2358 | 1.7020 
|= - : 7 - 547 — 1.1666 | 1.9416 |} 1.1792 | 1.8871 ° Go | 1.1922 | 1.8361 1.2062 1.7883 || 1.2208 | 1.7434 || 1.2361 | 1 eee 
-SEC. EC. O-SEC. EC. -SEC. = Ie “ 
Aes eae es Keo Baeas SEc. |]/Co: oe SEc. eee 70 SEc. ree SEc. apes b eee 
OE 0D) |) 
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ae 37° 38° 39° 40° 41° 49° 43° 

Sec. |Co-sec.|| Src. |Co-src.|} Src. |Co-src.|| Src. |Co-sEc.} ’ ! Sec. |Co-src.|} Src. |Co-src.}} Src. | Co-src.}| Src. | Co-src.| ’ 

© | 1.2361 | 1.7013 || 1.2521 | 1.6616 || 1.2600 | 1.6243 1.2867 1.5890 | 60 © | 1.3054 | 1.5557 || 1.3250 | 1.5242 || 1.3456 | 1.4045 || 1.3673 | 1.4663 | 60 
I | 1.2363 | 1.7006 || 1.2524 | 1.6610 |] 1.2603 | 1.6237 || 1.2871 | 1.5884 | so x | 1.3057 | 1.5552 || 1.3253 | 1-5237 || 1.3400 | 1.4040 |] 1.3677 | 1.4658 | 50 

2 | 1.2360 | 1.6999 || 1.2527 | 1.0603 || 1.2606 | 1.6231 || 1.2874 1.5879 | 58 2 | 1.3060 | 1.5546 || 1.3257 | 1.5232 || I-3403 | 1.4935 || 1.3681 | 1.4654 | 58 

3 } 1.2368 1.6903 1.2530 | 1.0507 || 1.2609 | 1.6224 || 1.2877 | 1.5873 | 57 3 | 1.3064 | 1.5541 || 1.3260 | 1.5227 || 1-3467 | 1.4930 || 1.3684 | 1.4640 | 57 

4 | 1.2371 | 1.0986 |) 1.2532 | 1.6501 || 1.2702 | 1.6218 || 1.2880 | 1.5867 56 4 | 1.3067 | 1.5536 |] 1.3263 | 1.5222 || 1.3470 | 1.4925 || 1.3688 | 1.4644 | 56 

5 | 1.2374 | 1.6979 |} 1.2535 | 1.0584 || 1.2705 | 1.6212 || 1.2883 | 1.5862 | 55 § | 1.3070 | 1.5530 || 1.3267 | 1.5217 || 1-3474 | 1.4921 || 1.3692 | 1.4640 | 55 

Gor 5.337 1.6972 || 1.2538 | 1.6578 || 1.2707 | 1.6206 || 1.2886 | 1.5856 54 6 | 1.3073 | 1.5525 || 1.3270 | 1.5212 || 1.3477 | 1.4016 || 1.3605 | 1.4635 | 54 

7 | 1-2379 | 1.6065 || 1.2541 | 1.6572 || 1.2710 | 1.6200 || 1.2889 | 1.5850 | 53 7 | 1.3076 | 1.5520 || 1.3274 | 1.5207 || 1.3481 | 1.4911 || 1.3600 | 1.4631 | 53 

8 1.2382 1.6959 || 1.2543 | 1.6565 || 2.2713 | 1.6104 || 1.2802 | 1.5845 | 52 8 | 1.3080 | 1.5514 |] 1.3277 | 1-5202 || 1.3485 | 1.4906 || 1.3703 | 1.4626 | 52 

9 | 1.2384 | 1.6952 }| 1.2546 | 1.6559 || 1.2716 | 1.6188 || 1.2895 | 1.5830 | 51 9 | 1.3083 | 1.5509 || 1.3280 | 1.5197 || 1-3488 | 1.4001 || 1.3707 | 1.4622 | 51 

YO | 1.2387 | 1.6045 || 1.2549 | 1.6552 || 1.2719 | 1.6182 || 1.2808 | 1.5833 | 50 10 | 1.30860 | 1.5503 || 1.3284 | 1.51092 || 1.3402 | 1.4897 || 1.3710 | 1.4617 | 50 
II | 1.2389 | 1.6938 || 1.2552 | 1.6546 || r.2722 | 1.6176 || r.2901 | 1.5828 | 40 ir | 1.3089 | 1.5498 || 1.3287 | 1.5187 || 1.3495 | 1.4802 || 1.3714 | 1.4613 | 49 
I2 } 1.2392 | 1.6932 |] 1.2554 | 1.6540 1.2725 1.6170 || 1.2904 | 1.5822 | 48 12 | 1.3092 | 1.5403 || 1.3290 | 1.5182 || 1.3409 | 1.4887 |] 1.3718 | 1.4608 | 48 
13 | 1.2305 | 1.6925 || 1.2557 | 1.6533 || 1.2728 | ¥.6164 || 1.2907 | 1.5816 | 47 13 | 1.3006 | 1.5487 || 1.3204 | 1.5177 |] 1.3502 | 1.4882 || 1.3722 | 1.4604 | 47 
14 | 1.2307 1.6918 |; 1.2560 | 1.6527 1.2731 1.6159 || 1.2910 | 1.5811 | 46 14 | 1.3009 | 1.5482 |] 1.3207 | 1.5171 || 1-35060 | 1.4877 || 1.3725 | 1-4599 | 46 
I5 | 1.2400 | 1.6912 || 1.2563 | 1.6521 || 1.2734 | 1.6153 || 1.2913 | 1.5805 | 45 15 | r.3102 | 1.5477 || 1.3301 | 1-5166 || 1.3509 | 21-4873 || 31-3729 | 1.4505 | 45 
16 | 1.2403 1.6905 1.2505 | 1.6514 || 1.2737 | 1.6147 || 1.2016 | 1.5709 | 44 16 | 21.3105 | 1.5471 || 1.3304 | I-5161 || 1.3513 1.4868 || 1.3733 | 1.4590 | 44 
17 | 1.2405 | 1.6898 || 1.2568 | 1.6508 || 1.2730 | 1.6141 || 1.2019 | 1.5704 | 43 17 | 1.3109 | 1.5466 || 1.3307 | 1.5156 || 1.3517 | 1-4863 || 1.3737 | 1.4586 | 43 
18 | 1.2408 | 1.6801 || 1.2571 | 1.6502 || 1.2742 | 1.6135 || 1.2022 | 1.5788 42 18 | 1.3112 | 1.5461 || 1.3311 | 1.5151 || 1.3520 | 1.4858 || 1.3740 }| 1.4581 | 42 
IQ | 1.241t | 1.6885 || 1.2574 | 1.6496 || 1.2745 | 1.6120 || 1.2926 | 1.5783 | 4r Io | z.3115-| 1.5456 || 1.3314 | 1.5146 || 1.3524 | 1-4854 || 1.3744 | 1.4577 | 41 
20 | 1.2413 | 1.6878 || 1.2577 | 1.6489 || 1.2748 | 1.6123 || 1.2929 | 1.5777 | 4o 20 | 1.3118 | 1.5450 || 1.3318 | 1.5141 || 1-3527 | 1.4840 || 1.3748 | 1.4572 | 40 
2t | 1.2418 | 1.6871 || 1.2579 | 1.6483 || 1.2751 | 1.6117 || 1.2932 | 1.5771 | 30 21 | 1.3121 | 1.5445 || 1.3321 | 1-5136 |] 1.3531 | 31-4844 || 1.3752 | 1.4568 | 39 
22 | 1.2419 | 1.6865 1.2552 1.6477 || 1.2754 | x.6111 || 1.2935 | 1.5766 38 22 | 1.3125 | 1.5440 || 1.3324 | 21-5131 || 1.3534 | 1-4839 || 1.3756 | 1.4563 | 38 
23 | 1.2421 | 1.6858 1.2555 | 1.0470 || 1.2757 | 1.6105 || 1.2938 | 1.5760 | 37 23 | 1.3128 | 1.5434 || 1.3328 | 1.5126 || 1.3538 | 1-4835 || 1-3750 | 1.45590 | 37 
24 | 1.2424 | 1.0851 || 1.2588 | 1.6464 || 1.2760 | 1.6099 || 1.2041 | 1.5755 | 36 24 | 1.3131 | 1.5420 || 1.3331 | 21-5121 || 1.3542 | 21-4830 || 1.3763 | 1.4554 | 36 
25 | 1.2427 | 1.6845 || 1.2591 | 1.6458 |} 1.2763 | 1.6003 || 1.2044 | 1.5749 | 35 25 | 1.3134 | 1.5424 || 1.3335 | 1-516 || 1.3545 | 13-4825 || 1.3767 | 1.4550 | 35 
26 | 1.2429 | 1.6838 || 1.2593 | 1.6452 || 1.2766 | 1.6087 || 1.2947 | 1.5743 | 34 26 | 1.3138 | 1.5419 || 1-3338 | 1-5111 || 1-3549 | 1-4821 || 1.3771 | 1.4545 | 34 
27 | 1.2432 | 1.6831 || 1.2596 | 1.6445 || 1.2769 | 1.6081 || 1.2950 | 1.5738 | 33 27 | 1.3141 | 1.5413 || 1.3342 | 1.5106 || 1.3552 | 1-4816 || 1.3774 | 1.4541 | 33 
28 | 1.2435 | 1.6825 || 1.2599 | 1.6439 || 1.2772 | 1.6077 || 1.2053 | 1.5732 | 32 28 | 1.3144 | 1.5408 || 1.3345 | 1-510r || 1.3556 | 31-4812 || 1.3778 | 1.4536 | 32 
29 | 1.2437 | 1.6818 |} 1.2602 | 1.6433 || 1.2775 | 1.6070 || 1.2956 | 1.5727 | 31 29 | 1.3148 | 1.5403 || 1.3348 | 165006 || 1.3560 | 1.4806 || 1.3782 | 1.4532 | 31 
3° | 1.2440 | 1.6812 || 1.2605 | 1.6427 || 1.2778 | 1.6064 || 1.2960 | 1.5721 | 30 30 | 1.3151 | 1.5398 || 1.3352 | 1.5092 || 1.3563 | 1-4802 || 1.3786 | 1.4527 | 30 
3I | 1.2443 | 1.6805 |] 1.2607 | 1.6420 || 1.2781 | 1.6058 || 1.2963 | 1.5716 | 2 31 | 1.3154 | 1.5302 || 1.3355 | 1.5087 || 1.3567 | 1.4707 || 1.3700 | 1.4523 | 29 
32 | 1.2445 1.6798 |] 1.2610 | 1.6414 || 1.2784 | 1.6052 1.2966 | 1.5710 | 28 32 1.3157 | 15387) || -6350 ||) r.5082 ||| n-g575 1.4792 || 1.3794 | 1.4518 | 28 
33 | 1.2448 | 1.6792 || 1.2613 | 1.6408 || 1.2787 | 1.6046 || 1.29069 | 1.5705 | 27 33 | 1.3161 | 1.5382 || 1.3362 | 1.5077 || 1.3574 | 1-4788 || 1.3707 | 1.4514 | 27 
34 | 1.2451 | 1.6785 || 1.2616 | 1.6402 || 1.2790 | 1.6040 || 1.2972 | 1.5699 | 26 34 | 1.3164 | 1.5377 || 1-3306 | 1.5072 || 1.3578 | 1-4783 || 1.3801 | 1.4510 | 26 
35 | 1.2453 | 1.6779 || 1.2619 | 1.6306 || 1.2793 | 1.6034 || 1.2975 | 1.5604 | 25 35 | 1.3167 | 1.5371 || 1.3369 | 1.5067 || 1.358n | 1-4778 || 1.3805 | 1.4505 | 25 
30 | 1.2455 | 1.6772 || 1.2622 | 1.6380 || 1.2795 | 1.6029 || 1.2978 | 1.5688 | 24 36 | 1.3170 | 1.5366 || 1.3372 | 1.5062 || 1.3585 | 3.4774 || 1.3809 | 1.4501 | 24 
37 | 1-2459 | 1.6766 || 1.2624 | 1.6383 || 1.2798 | 1.6023 || 1.2981 | 1.5683 | 23 37 | 1-3174 | 1.5361 || 1.3376 | 1.5057 |} 1.3580 | 1.4760 || 1.3813 | 21-4406 | 23 
38 | 1.2461 | 1.6759 || 1.2627 | 1.6377 || 1.2801 | 1.6017 || 1.2985 | 1.56077 | 22 38 | 31-3177 | 12-5356 || 1.3379 | 1.5052 || 1.3592 | 1.4764 || 1.3816 | 1.4492 | 22 
39 | 1.2464 | 1.6752 || 1.2630 | 1.6371 || 1.2804 | 1.6011 |] 1.29088 | 1.5672 | 21 39 | 1.3180 | 1.5351 |} 21-3383 | 31-5047 || 1.3596 | 1.4760 || 1.3820 | 1.4487 | 2t 
40 | 1.2467 | 1.6746 || 1.2633 | 1.6365 || 1.2807 | 1.6005 || 1.2991 | 1.5666 | 20 4° | 1.3184 | 1.5345 || 1.3380 | 1.5042 || 1.3000 | 1.4755 || 1.3824 | 1.4483 | 20 
41 | 1.2470 | 1.6739 || 1.2636 | 1.6359 || 1.2810 | 1.6000 |} 1.2904 | 1.5661 | 10 41 | 1.3187 | 1.5340 || 1.3390 | 1.5037 || 1.3603 | 1.4750 || 1.3828 | 1.4479 | 19 
42 | 1.2472 | 1.6733 || 1.2639] 1.6352 || 1.2813 | 1.5904 |! 1.29007 | 1.5655 | 18 42 | 1.3190 | 1.5335 || 1-3303 | 1.5032 || 1.3607 | 1.4746 || 1.3832 | 1.4474 | 18 
43 | 1.2475 | 1.67206 || 1.2641 | 1.6346 || 1.2816 | 1.5988 |} 1.3000 | 1.5650 | 17 43 | 1-3193 | 1.5330 || 1-3307 | 1-5027 || 1.3611 | 1.4741 |} 1.3836 | 1.4470 | I7 
44 | 1.2478 | 1.6720 || 1.2644 | 1.6340 || 1.2819 | 1.5982 || 1.3003 | 1.5644 | 16 44 | 1.3197 | 1.5325 || 1.3400 | 1°5022 || 1.3614 | 1.4736 || 1.3839 | 1.4465 | 16 
45 | 1.2480 | 1.6713 || 1.2647 | 1.6334 || 1.2822 | 1.5976 || 1.3006 [| 1.5630 | 15 45 | 1.3200 | 1.5319 || 1.3404 | 1.5018 || 1.3618 | 1.4732 |] 1.3843 | 1.4461 | 15 
46 | 1.2483 | 1.6707 || 1.2650 | 1.6328 || 1.2825 | 1.5971 || 1.3010 | 1.5633 | 14 46 | 1.3203 | 1.5314 || 1.3407 | 1.5013 || 1.3622 | 1.4727 |] 1.3847 | 1.4457 | 14 
47 | 1.2486 | 1.6700 || 1.2653 | 1.6322 || 1.2828 | 3.5065 || x.3013 | 1.5628 | 13 47 | 1.3207 | 1.5300 || 1.341r | 1.5008 || 1.3625 | 1.4723 || 1.3851 | 1.4452 | 13 
48 | 1.2488 | 1.6694 || 1.2656 | 1.6316 || 1.2831 | 1.5959 || 1.3016 | 1.5622 | 12 48 | 1.3210 | 1.5304 || 1.3414 | 1.5003 |] 1.3629 | 1.4718 || 1.3855 | 1.4448 | 12 
49 | 1.2490 | 1.6637 || 1.2659 | 1.6309 || 1.2834 | 1.5053 || 1.3019 | 1.5617 | I1 49 | 1.3213 | 12-5299 || 1.3418 | 1.4998 || 1.3633 | 1-4713 || 1.3850 | 1.4443 | I1 
50 | 1.2494 | 1.6681 || 1.2661 | 1.6303 || 1.2837 | 1.5047 || 1.3022 | 1.5611 | 10 §0 | 1.3217 | 1.5204 || 1.3422 | 1.4993 || 1.3636 | 1.4709 || 1.3863 | 1.4439 | 10 
5r | 1.2497 | 1.6674 || 1.2664 | 1.6297 || 1.2840 | 1.5042 .|| 1.3025 | 1.5606 fe) 51 | 1.3220 | 1.5280 || 1.3425 | 1.4988 |! 1.3640 | 1.4704 || 1.3867 | 1.4435 9 
52 | z.2400 | 1.6668 || 1.2667 | 1.6291 || 1.2843 | 1.5936 || 1.3029 | 1.5600 8 2 | 1.3223 | 1.5283 || 1.3428 | 1.4983 || 1.3644 | 1.4699 || 1.3870 | 1.4430 8 
53 | 1.2502 | 1.6661 || 1.2670 | 1.6285 || 1.2846 | 1.5930 || °1.3032 | 1.5595 7 53 | 1.3227 | 1.5278 || 1.3432 | 1.4079 || 1-3047 | 1.4605 || 1.3874 | 1.4426 7 
54 | 1.2505 | 1.6655 || 1.2673 | 1.6279 || 1.2849 | 1.5024 || 1.3035 | 15500 | 6 54 | 1.3230 | 1.5273 || 1-3435 | 12-4974 || 1.3651 | I-4090 || 1.3878 | 1.4422 | 6 
55 | 1.2508 | 1.6648 || 1.2676 | 1.6273 || 1.2852 | 1.5919 || 1.3038 | 1.5584 5 55 | 1.3233 | 1.5268 || 1.3439 | 1-4969 || 1-3655 | 1-4686 || 1.3882 | 1.4417 5 
56 | 1.2510 | 1.6642 || 1.2679 | 1.6267 || 1.2855 | 12-5913 || 1-3041 | 1.5570 4 56 | 1.3237 | 1.5263 || 1.3442 | 1.4964 || 1.3658 | 1.4681 || 1.3886 | 1.4413 4 
57 | 1.2513 | 1.6636 || 1.2681 | 1.6261 |] 1.2858 | 1.5007 || 1-3044 | 1.5573 3 57 | 1.3240 | 1.5258 || 1.3446 | 1.4959 || 1.3662 | 1.4676 || 1.3890 | 1.4408 | 3 
58 | 1.2516 | 1.6629 || 1.2684 | 1.6255 |] 1.2861 | 1.5901 || 1.3048 | 1.5568 2 58 | 1.3243 }] 1.5253 || 1-3449 | 1-4054 || 1.3666 | 1.4672 || 1.3894 | 1.4404 2 
59 | 1.2519 | 1.6623 || 1.2687 | 1.6249 || 1.2864 | 1.5806 || 1.3051 | 1.5563 I 59 | 1.3247 | 1.5248 || 1.3453 | 31-4049 || 1.3669 | 1.4667 || 1.3808 | 1.4400 rt 
1.2521 | 1.6616 |] 1.2690 | 1.6243 || 1.2867 | 1.5890 }| 1.3054 | 1-5557 ° 60 | 1.3250 | 1.5242 || 1.3456 | 1.4045 || 1.3673 | 31-4663 || 1.3902 | 1.4305 ° 

* \Co-sec.| Sec. ||Co-sec.! Src. ||Co-sec.| Sc. |/Co-sec.| Sec. | ’ ‘ |Co-sec.| Sec. |/Co-sec. | Sec. ||/Co-sec.| Src. ||Co-sec.| Src u 
53° 52° 51° 50° 49° 48° 47° 46° 
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cube root as close as needed. For the fourth root, the new divisor 


44° | 44° 440 : will be one-fourth the sum of the last quotient and three times the 
| , ’ ~, . Cc 
ef Ske.5) Cosecy if" | Seen | Co-sze. SEC eee preceding divisor. For the fifth root, one-fifth the sum of the last 
o | 1.3902 | 1.4305 | 60 || 21 | 1.30%4 | 1-4305 | 39 || 4t | 1.4005 | 1.4221 | 19 quotient and four times the preceding divisor, and so for any root 
1 | 1.3905 | 1.4301 | 59 || 22 1.3988 | 1.4301 | 38 || 42 | 1-4009 | 1.4217 18 é 
2 | 1.3009 | 1.4387 | 58 || 23 Jer 1.4207 of 43 | 1-4073 este 4 required. 
1.3013 | 1-4382 | 57 || 24 | 1-3006 | 1.4202 | 36 || 44 | 1 4077 | 1-42 I F 
3 | 73803 | 34378 | £6 || 25 | x4000 | 7.4288 | 35 || 45 | 1-408r | 1.4204 | 15 _ Whatever the root, to the number of decimal places that the 
5 | 1.3921 | 1.4374 | 55 || 26 | 1-4004 | 1.4284 | 34 || 46 | 1.4085 | 1.4200 | 14 divisor and quotient agree, they are correct—comparison of the two 
6 | 1.3925 | 1-4370 | 54 || 27 1.4008 | 1.4280 | 33 || 47 | 1-4089 | 1.4196 | 13 E : : hi a 
7 | 1.3029 | 1.4365 | 53 || 23 | x-4012 | 1.4276 | 32 || 48 | 31-4093 See showing at once the degree of approximation to which the process 
8 | 1.3933 | 1.4361 | 52 29 | 1.4016 | 1.4271 | 31 || 49 | 1.40907 | I-41 1I : 
9 | 1.3037 | 1-4357 | 51 || 30 | 1-4020 | 1.4267 | 30 || 50 | 1.4101 1.4183 | I0 has been carried. ; ; 
Be Oe FAS52 | 90 Be 4 eto) 124203) 20/5411) BATON) T4870 bi 8 The sides and angles of polygons and the distance between holes in 
ir | 1.3045 | 1-4348 | 49 || 32 | 1.4028 | 1.4250 28 || 52 | 1.4109 | 1.4175 5 k 
12 | 13049 | 1.4344 | 48 || 33 | 1-4032 | x-4254 | 27 || 53 | r-4rx3 | z-ar7z | 7 circles may be obtained from Table8, by F.W. SEIDENSTICKER (Amer. 
13 | 1.3053 | 1-433 | 47 |) 34 | 31-4036 | 1.4250 | 26 || 54 | 1.4117 | 1.4167 | © Mach., Dec. 17, 1908). The table gives the number of sides (3 to 
14 | 1.3057 | 1.4335 | 46 || 35 | 1-4040 | 1.4246 | 25 || 55 | 1.4122 | 1.4163 | 5 ? 
15 | 1.3960 | 1.4331 | 45 || 36 | 1-4044 | 1.4242 | 24 56 | 1.4126 | 1.4159 4 
16 | 1.3964 | 1.4327 | 44 a 1.4048 | 1.4238 | 23 sf I.4130 | 1.4154 3 
I 1.3968 | 1.4322 3 1.4052 | 1.4233 | 22 || 5 1.4134 | I.4150 2 
3 ore ee we | 30 | 1.4056 | 1.4229 | 21 || 50 | 1-4138 | 1.4146 | x TaBLE 6.—Factors FoR USE IN ExTRACTING Roots BY THE 
19 | 1.3976 | 1.4314 | 41 || 40 1.4060 | 1.4225 | 20 || Go | 1.4142 | 1.4142 ° FactorInc MEtHop 
20 | 1.3980 | 1.4310 | 40 || 
* | Co-sec.| Sec. | ’ || ’ | Co-sec.! Sec. | “ || % | Co-sec| Sec. | ¢ 2d power 3d power 4th Bower sth power 
45° 45° 45° Factors The factor is The factor is The factor is The factor is 
the sq. root the third root | the fourth root | the fifth root 
4 ° ‘, I ay as aE 5 
The factoring method of extracting roots (also called the successive A 8 mC ap 
approximation method) is applicable to any root and, except for the 3 9 27 81 243 
square root, is less laborious than other arithmetical. methods. “ 16 64 250 1,024 
It is greatly facilitated by the use of Table 6 of factors. 2 Oe bad ez 37725 
To find the square root proceed as follows: Look in the table of 6 66 a6 Ae eG 
second powers for the number nearest the given number of which the 7 49 343 2,401 16,807 
root is desired, and take the factor of that power. Divide the given 8 64 512 4,096 32,768 
number by that factor. Then divide the number by the half sum i? oe oe 6.50% eth 
. ° ° ae Io I0o I,000 10,000 100,000 
of the factor and quotient for a second approximation. Divide the 
number again by the half sum of the second approximation and the II 121 1,331 14,641 161,051 
second quotient. 12 144 1,728 20,736 248,832 
This process can be continued until the result is obtained to any =e ae ssc aes ee 
: Laer A ng 19 2, »4I Or 
required degree of exactness. Usually two divisions give the root a Boe a ie - oe a Ei 
to as great a number of places as is necessary. 
To find the cube root proceed in a similar way, as follows: Look 16 256 4,006 65,536 1,048,576 
in the column of third powers for the number nearest the given a ze oe nee 1,419,857 
eae z I 2 832 : 880, 
number. Take out the factor. Divide the given number by that ro a ae ex es a an 
factor. Divide the quotient also by the factor. Take one-third 20 400 8,000 160,000 3,200,000 
the sum of the two divisors and the last quotient for a second divisor. 
Divide the given number by this second divisor and divide the quo- ze 1 tie LOaA Sa 4,084,101 
é ; : is 22 10, : Fey 
tient also by it. Take one-third the sum of twice the second divisor Be =f 2 ab me : oe He 
and the final quotient for a third divisor. It may not be necessary 24 576 13,824 Beta Ae cee 
to divide the number a third time. This third divisor may be the 25 625 15,625 390,625 9,765,625 


TABLE 7.—SHOWING Sizes oF LARGEST SQUARES (CORNERS BEING SHARP) WHICH CAN BE OBTAINED FROM RouNnD Stock 


; Diameter | Diameter Diameter 
ee ati ase eyes Decimal cm Diameter Decimal ath 
ERG = equivalent | of stock equivalent ag 
+ 125 0883+ Tis 1.0625 I.7551+ 2 2.000 I.414 
a | 875 1325 1% Thos 7953+ Dae 2.0625 I.4581+ 
t 5 1767+ lis I. 1875 .8395-+ 2k AS I.5023+ 
ts 3125 2209+ ii I.250 .8837+ Bae 2.1875 1.5465+ 
4 7 2651-4- eres I.3125 9279+ 2} 2.250 I.5907+ 
is -4375 3003+ 13 io SHS .972I4+ cod 2.3125 1.63494 
+ -500 3535 Iz 1.4375 1.0163 + Fs 2.375 1.6791+ 
fs - 5625 3976+ 3 I.500 1.0605 ats 2.4375 1.72334 
i 625 4418+ 1.5625 1.1046+ 3 2.500 1.7675 
it 6875 4860+ 1§ 1.625 1.1488+ 23% 2.5625 1.81164 
2 es 5302+ ies 1.6875 I. 1930+ 25 2.625 1.8558+ 
ty | Hes Fa \| oe I.750 I.2372+ 2u 2.6875 1.90004 
foes | oe |) Eee ee 
: : 2 2.8135) I.9884+ 
I OOS. =fO7 ri} 1.9375 I.3608+ 24 2.875 2.0326+ 
Rule 
Multiply diameter of 24 2.9375 2.0768+ 
stock by the constant .707 3 3.000 I21 
Example 3? in.=.750X .707 = .53025 
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No. sides, Angle Sine No. sides Angle | Sine No. sides Angle Sine 
3 60- - 8660254 74 2-25-56.75 .0422411 145 I-14-28.96 .0216644 
4 45— . 7071068 viet 2-24 0418757 146 I-13-58.35 .0215160 
& 36- - 5877853 16 2-22- 6.31 . 0413249 147 I-13-28.16 .0213607 
6 30- . 5000000 a 2-20-15.58 .0407885 148 I-12=58.37 0212253 
vi 25-42-51.42 - 4338837 78 2-18-27 .69 .0402650 149 I-12-28.99 -0210829 
8 22-30 . 3826834 79 2-16-42.53 .0397565 
9 20- » 3420201 150 I=12 0200424 
80 2-15 0392508 I5I PL s sO 0208037 
Io 18- . 3000170 81 2-13-20 0387753 152 T—IT= 3575 .0206668 
It 16-21I-49.00 . 2817325 82 2-TI=42.45 - 0383027 153 I-10-35.29 - 0205318 
12 LS - 2588100 83 2-10-7722 .0378414 154 T—10-"7,. 70 .0203985 
FES 13-50-46.15 - 23903157 84 2— 8-34.28 -03730I1 I55 I- 9-40.64 .0202669 
Iq 12-51-25 .71 . 2225208 85 2—- 7- 3.54 0300515 156 T= 9-13.84 .0201370 
15 a . 2070116 86 2— 5-34.88 . 0365220 157 I— 8-47.38 0200087 
16 Et—25 . 1950003 87 2- 4- 8.27 0361023 158 I- 8-21.26 0198821 
17 10-35-17 .64 - 1837495 88 2— 2-43.63 - 0356923 159 TS Sia, -O197571 
18 10o- - 1736481 890 2= 1-20.89 03529014 
19 9-28-25. 26 . 1645045 160 I— 7-30 .0196336 
900 2s .0348005 161 tS Ufa Pie fey .OLQ5II7 
20 9- .1564344 OL I-58—40.87 .0345160 162 I- 6-40 - 0193913 
21 8-34-17.14 . 1490422 P Taos Ag .0341 410 163 I— 6-15.40 .0192723 
22 | 8-10-54.54 - 1423148 93 TSO vial 0337741 164 T= 5— ht or -O191548 
23 7-49-33.91 . 1361666 94 I=54=56 200 - 0334149 165 t= 52727 -0190387 
24 | 430 . 1305262 95 I-53-41.05 - 0330633 166 I— 5—'3361 -0O189241r 
25 7-12 . 1253332 96 I-52-30 0327190 167 I— 4-40.23 .O188107 
26 6-55-23 .07 . 1205366 97 I-5I-20.41 0323818 168 pt Zh aily! ay . 0186988 
27 6-40 . 1160929 08 I-50-1I2.24 -0320515 169 WS Sia yee 0185881 
28 6-25-42 .85 . 1119644 909 I-49- 5.45 -0317279 
29 | 6-12-24.82 . 1081189 170 I- 3-31.76 .0184788 
100 I-48 - 0314107 I71 1 3- 9.47 . 0183708 
30 6— - 1045284 IOL I-46-55.84 -0310998 172 I- 2-47.44 . 0182640 
31 5—48-23.22 - 1011683 102 I-45-52.94 - 0307950 173 I— 2-25.66 0181584 
32 SS ieoo .OO80I7I 103 I-44-51.26 - 0304061 174 I= 2—= 4.53 -O180541 
33 5-27-16.36 .0950560 104 I-43-50.76 - 0302029 Ls I=) 1-42.85 -0179509 
34 5-17-38 .82 . 09022683 105 I-42-51.42 -02909154 176 I- 1-21.81 .0178489 
35 5— 8-34.28 .0896302 106 I-41I-53.20 . 02906332 E77 I- I- 1.01 0177481 
36 es -0871557 107 I-40-56.07 -0293564 178 I— 0-40.44 .0176484 
37 4-51-53.51 -0848058 108 I—40—- - 0290847 179 I-0-20.11I -0175498 
38 | 4-44-12.63 - 0825793 109 I-39- 4.95 -0288179 
39 | 4-36-55.38 0804665 180 i 0174524 
IIo I-38-10.90 0285560 181 59-40.II -9173559 
40 4-30 .0784501 IIt I-37-17.83 .0282488 182 59-20. 43 .0172605 
4I 4-23-24.87 .0765402 1T2 I-36-25.71 0280462 183 59- 0.98 .0171663 
42 AE —VOe5 7 -0747301 | fs L35—345 5 -0277981 184 5S8—Ar. 73) .0170730 
43 | 4-1I- 9.76 .07299052 II4 I-34-44.21 -0275543 185 58-22.70 0169807 
44 | 4— 5-27.27 -0713391 | II5 I-33-54.78 .0273147 186 5S =i soy, 0168894 
45 4- 06907565 | 116 I-33- 6.20 0270793 187 57-45.24 .O167001 
46 3-54-46 .95 .0682423 117 I-32-18.46 .0268479 * 188 57-26.30 .0167097 
47 | 3-49-47 . 23 .0667926 118 I—31—31.52 .0266204 189 Sirona Ti 0166214 
48 le S345. .0654031 II9 I-30-45.38 - 0263968 
49 | 3-40-24.40 .0640702 190 56-50.52 .0165339 
120 130 .0261769 IOI 56-32.67 .0164473 
50 | 3-30 .0627905 120 I-20-15.37 .0259606 192 56-15 . 0163617 
SI | 3-31-45.88 .0615609 122 I-28-31.47 -0257478 193 55-57-51 -0162769 
52 | 3-27-41.53 0603784 123 I-27-48.29 0255386 1904 55—-40.20 . 0161930 
53 | 3-23-46.41 0592405 | 124 I-27- 5.80 0253326 105 55-23.07 . OL61100 
54 3-20 0581448 125 1-26-24 .0251300 196 55= 6.12 0160278 
55 3-16-21.81 -0570887 126 I-25-42.85 0249306 197 5§4-49.34 .0159464 
56 So iA 2 0560704 re 7, I-25— 2.36 -0247344 198 52-3272 0158659 
57 3- 9-28.42 -0550877 128 I—24—22 .'50 .0245412 199 54-16.28 0157862 
58 3- 6-12.41 -0541388 129 I=23-43..25 .0243509 
59 3- 3-— 3.05 .0532221 200 54- -0157073 
| 130 I-23 -4.61 0241637 201 53-43 .88 0156204 
60 3- . 0523360 131 1-22-26. 56 - 0230793 202 53-27 .92 -O155518 
61 2-57— 2.95 .0514787 132 I-21-49.09 .0237976 203 53 kare -0154752 
62 2-54-I1.61 .0506491 133 I=21-12.18 -0236188 204 52-56.47 - 0153903 
63 2-51-25.71 .0498458 134 I-20-35.82 -0234425 205 52-40.97 . 0153242 
64 2-48-45 .0490676 135 I-20 .0232689 206 52-25.63 01524908 
65 2-46- 9.23 -0483133 136 I=—LO=245 70 0230978 207 52-50 Aa -O151764 
66 2-43-38.18 .0475819 137 I-18-49.92 .0220202 208 51-55.38 - 0151033 
67 2-41-11.64 .0468722 138 I-18-15.65 .0227631 209 51-40. 48 .0150310 
68 2-38-49.41 -0461834 139 Tal A De 7 -0225004 
69 2-36-31.30 -0455145 210 §1-—25.71 -01495905 
140 I-I7-— 8.57 .0224380 bags 5I—T ROO 0148886 
70 2-34-17 .14 .0448648 141 I-16-35.74 .0222789 212 50-56.60 0148183 
71 2—32— 6.76 »0442333 142 I—16—73 68 .0221220 213 50-42.25 -0147487 
72 2-30 -04361904 143 I-I5—31.46 9219673 214 50-28.04 0146798 
73 2-27-56.71 0430222 144 Tos 0218148 215 50-13.96 OL461I5 
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No. sides Angle Sine No. sides Angle Sine No. sides Angle Sine 
216 50- -0145439 287 37-37.84 - 0109461 358 30-10.05 0087753 
217 49-46.17 0144769 288 37-30 -OTO9Q08I 359 30—- 5.01 .0087508 
218 49-32.48 -O144104 289 37-22.21 -0108704 
2190 40-18.91 .0143446 360 30- -0087265 

| 290 37-14.48 0108329 361 20-55.01 .0087023 
220 49- 5.46 -0142794 201 37- 6.80 .0107957 362 290-50.05 .0086783 
221 48-52.13 .0142148 202 36-59.18 .0107587 363 20-45..12 .0086544 
222 | 48-38.092 - 0141508 203 36-51.60 .0107220 364 29-40.22 .0086306 
223 48-25.83 .0140874 204 36-44.08 0106855 3605 20-35 .34 .0086070 
224 48-12.86 0140245 205 36-36.61 0106493 366 29-30.49 -0085835 
225 48— .0139622 206 36-29.19 0106133 367 20-25 .67 0085601 
226 47-47.26 - 0139004 207 36-21.82 -0105776 368 29-20.87 .0085368 
227 47-34.63 - 0138392 208 36-14.50 0105421 369 29-16.10 -0085137 
228 Aj=22 00% 0137785 299 36> 7.22 . 0105068 
229 47- 9.69 . 0137183 370 20-11 .35 .0084907 
300 36- 0104718 B37) 20- 6.63 .0084678 
230 46-57.39 .0136587 301 35-52 .82 -0104370 B72 20— 1.94 -0084451 
231 46—-45.19 -0135995 302 35-45 .69 - 0104024 373 28-5727 -0084224 
232 46-33.10 .0135409 303 35-38 .61 0103681 374 28-52.62 - 0083999 
233 | 46-21.11 . 0134828 304 Somos - 0103340 375 28-48 -0083775 
234 46— 9.23 .0134252 305 35-24.59 . O103001 376 28-43.40 -0083552 
235 45-57-45 - 0133681 306 35-17.65 - 0102665 S399 28-38.83 -0083331 
235 45-45.76 -O133115 307 35-10.75 - 0102330 378 28-34.28 . 0083110 
237 | 45-34.18 -0132553 308 3573.90 -O10T908 379 28—-29.76 .008 28901 
238 45-22.69 0131996 309 34-57.090 . 0101668 } 
239 45-I1.29 -O131444 380 28-25.26 -008 2673 
310 34=50.1¢2 - 0105340 381 28-20.78 -0082456 
240 45 0130896 Bux 34-43 .60 -OIOTOT4 382 28-16. 33 - 0082240 
241 | 44-48. 80 . 0130353 312 34-36.92 . 0100690 383 28-I1.91 -0082025 
242 44-37 .68 .O120814 3i3 34-30.29 . 0100368 384 28— 7/50 -0081812 
243 44-26.67 0129280 314 34-23.69 - 0100049 385 28— 3-52 .00815909 
ZA Ao 14 - 0128750 315 34-17.14 0099731 386 27-58. 76 .0081387 
245 | 44- 4.90 -0128225 316 34-10.63 - 0090415 387 27-54.42 -0081177 
246 43-54.15 .0127704 317 34- 4.16 . 0099102 388 27-50.10 .0080968 
247 43-43. 48 .0127187 318 3325774 0098791 3890 27-45.81 .0080760 
248 43-32.90 -0126674 319 SES RS - 0098482 
249 43-22.41 -O126165 390 27-41 .54 -0080553 
320 33545) -0008174 391 27-37.29 -0080347 
250 43-12 .0125661 321 33-38.69 - 00907868 392 27-33 .06 -0080142 
251 | Hig i NOh7p -0125160 322 33na2.42 -0097564 393 27-28-85 - 0079938 
252 | 42-51.43 - 0124663 323 33-26.19 .0007261 394 27-24.67 -0079735 
253 42-41 .26 -OI24171 324 33-20 - 00960961 395 27-20.51 -0079533 
254 42-31.18 - 0123682 325 33-13.85 - 0096663 396 27-16.36 - 0079332 
255 42-21.18 -O1231907 326 SSS eels - 0096367 397 27k omoe - 0079132 
256 AZT 2 -O122715 327, SG—" ELS - 0096072 398 27= $54 -0078934 
257 | Az— I-40 - 0122238 328 32-55.61 -0095779 399 27-— 4.06 -0078736 
258 41-51 .63 -O121764 329 32-49.60 0095488 
259 4I-41.93 -OI21204° 400 25 -00785390 
330 32-43.64 -00905198 AOL 26-55.96 - 0078343 
260 | 41-32.31 0120827 331 S2=37270 -OOO40IT 402 26—-51.94 -0078148 
oe cee eS . 0120364 332 32-31 .81 - 0004625 403 26-47 .94 0077954 
oe esa ee 333 32-25.95 . 0094341 404 26-43 .06 ores 
264 | 40-54.54 eae ae eR te BE 405 26-40 .0077569 
oe ree 3 is ae 335 32-14. 33 - 0093778 406 26-36.06 .0077378 
266 40-36.09 oes fe ae! -0093499 407 26-32.14 .0077188 
267 40-2696 Oak we ac isi Pee gos 20-28.23 0076999 
oe jibe ae s 7660 338 31-57 .16 -0092045 409 26-24.35 .0076811 
Be | d -OIL7221 339 3I=51.50 -0002671 
9 | 40- 6.93 - 0116786 410 26-20.49 0076623 
340 1-45.88 , — 6 
270 | 40— - 0116353 341 ae eet ie pe ee 
271 39-S1I.14 -OT15923 342 31-34. ‘ Ren Ke . -0076251 
Be | Mey ee ie 34.74 009185 413 26- 9.01 .0076067 
i | me -OII5407 343 31-20.21 . 0091590 414 XS SP 0075883 
73 39-33. 63 -OII5074 344 Bi—23n72 .0091324 415 260- 1.45 0075700 
274 39-24.96 -O114654 345 31-18. 26 = ; 
Bee eee i - 0091059 416 25-57.70 .0075518 
Nee ae - 0114237 346 3I-12.83 - 0090796 417 25-53.96 . 0075337 
7 39-1286 - 0113823 347 Slay: -00900534 418 25-50.2 
277 38-59.35 -OTI3412 348 3I- 2.0 ‘ eid 
278 38-50.94 O11300 d peerie “" ee ei ee 
: 4 349 30-56.73 - 0090016 
279 38-42.58 -O112599 
420 25-42.86 0074799 
280 38-34. 28 .OILI2197 ae eee soeterse 421 25-39.19 -0074621 
281 38-26 .05 Stites 40.15 - 0089502 422 25-35.54 .0074444 
a as en, 352 30-40.91 -0089248 423 25-31.91 0074268 
oe Be : 4 353 30-35. 69 0088996 424 25-28.30 .0074003 
| 7 -OIII008 354 30-30. 51 .0088 = 
284 38- 1.69 .OT10617 ae ate pee Pe 
285 bs 6a ee oe 30-25.35 -0088404 426 25 —2eaie2 .0073745 
ee otis oe pees 35 30-20. 22 0088245 427 25-17.56 -0073573 
J & 7 4 35% 30-L5). 12 -0087908 428 25-14.02 - 0073401 
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Sides Angle Sine Sides Angle Sine Sides | Angle Sine 

429 25-10.49 - 0073230 453 23-50.46 . 0069351 478 22-35.65 . 0065723 
454 23-47,.32 0069108 479 22-32.82 -0065585 

430 25— 6.98 .0073059 455 23-44.17 . 0069046 
431 25— 3.48 .0072800 456 23-41.05 0068804 480 22-30 -0065449 
432 25 .0072721 457 23-37.94 0068744 481 22—27.20 0065313 
433 24-56.54 .0072553 458 23-34.84 0068504 482 22-24.40 .0065178 
434 24-53 .09 . 0072386 459 23-31.76 .0068444 483 22-21.61 0065043 
435 24-49 .66 .0072220 484 22-18.84 .0064909 
436 24-46.24 0072054 460 23-28.609 -0068205 485 22-16.08 .0064775 
437 24-42.84 .00718890 461 23-25.64 00608147 486 22-13.33 0064641 
438 24-39.45 .0071725 462 23-22.60 0067909 487 22-10.59 .0064509 
439 24-36.08 0071562 463 23-10.57 0067852 488 22— 7.87 0064377 
| 464 23-16.55 .0067706 4890 22- 5.16 0064245 

440 24-32.73 . 0071399 465 23-13.55 .0067561 
441 24-2090.39 .0071237 466 23-10.56 0067416 490 22-3245 0064114 
442 24-26.06 .0071076 467 23- 7.58 -0067272 491 21-59.75 0063983 
443 24-22.75 .0070016 468 23-— 4.61 .0067128 492 21-57.07 0063853 
444 24-19.46 .0070756 469 23~ 1.66 0066085 493 21-54.40 0063723 
445 24-16.18 - 0070507 494 2I-51.74 .0063504 
446 24-12.91 -00704390 470 22—58 7.2 . 0066842 405 21-49.09 . 0063466 
447 24- 9.66 .0070281 A471 22-55.79 .0066700 496 21-46.45 . 0063338 
448 24— 6.43 .OO70124 A72 22-52.88 0066559 497 2143.82 0063211 
449 2A Sat | .0060968 473 22-49.98 .0066418 498 2I-41.20 . 0063084 
474 22-47.09 .0066278 499 21-38.59 .0062957 

450 24- -0060813 475 22-44.21 .0066138 
451 23-56.81 .0060658 476 22—-AL. 34 0065909 500 21-36 .0062831 

452 23-53 .63 .0069504 477 22-38.49 .0065861 


TABLE 9.—LENGTHS OF CIRCULAR Arcs To Raptius oF 1 IN. 


Deg Length Deg. | Length | Deg. Length Min. Length 
I -O175 | 61 I.0647 I2I Qn LETS I .0003 
2 0349 62 | 1.0821 122 251203 2 .0006 
3 .0524 | 63 1.0906 | I23 2.1468 3 0009 
4 .06098 64 pede RrvO si ated. 2.1642 4 0012 
5 .0873 65 | I.1345 I25 2.1817 5 .0OTS 
6 | .1047 | 66 | Perro 126 2.1991 6 .OO17 
7 ne righ | 67 1.1604 127 2.2166 4) .0020 
8 .1396 | 68 | 1.1868 128 | 2.2340 8 0023 
9 ty Be 69 1.2043 120 22505 9 0026 

bao) -1745 | 70 Ea2207 130 2.2690 pao) 0029 
It .1920 71 I.2392 EOE 2.2864 II .0032 
12 2004 72 1.2566 132 2.3038 12 0035 
13 .2269 73 Era7 AT 133 Pi et er 13 . 0038 
14 - 2443 74 I.2015 I34 2.3387 I4 . 0041 
15 2618 75 I.3090 135 2.3502 15 0044 
16 2793 76 1.3265 136 2.3736 16 . 0047 
17 - 2067 77 1.3439 137 2.3911 17 .0050 
18 3142 78 1.3614 138 2.4086 18 .0052 
19 -3316 79 1.3788 139 2.4260 19 0055 
20 - 3491 80 1.3963 140 2.4435 20 .0058 
2I - 3665 8r E4137 I4I 2.4609 2x 0061 
22 - 3840 82 DeAgir2 142 2.4784 22 .0004 
23 -4014 83 1.4486 143 2.4958 23 00607 
24 .4189 84 I.4661 144 2.5133 24 .0070 
25 -4363 85 1.4835 145 2.5307 25 . 0073 
26 4538 86 I.5010 146 2.5482 26 .0076 


Deg. Length Deg. Length Deg. Length Min. Length 
27 4712 87 1.5184 147 2.5056 oF .0079 
28 - 4887 88 1.5359 148 2.5831 28 0081 
29 5061 89 Te5533 149 2.6005 29 .0084 
30 -5236 90 1.5708 150 2.6180 30 .0087 
31 ayes one 1.5882 I51 2.6354 31 .0090 
32 -5585 92 1.6057 152 2.6529 32 00903 
a3 57600 93 I.6232 rss 2.6704 33 .0006 
34 -5934 94 1.6406 154 2.6878 34 . 0099 
35 6109 95 1.6581 155 2.7052 35 .O102 
36 6283 96 1.6755 156 27227 36 .O105 
37 -6458 97 1.6930 157 2.7402 37 .o108 
38 -6632 08 I.7104 158 Be SRO 38 ,O1TE 
39 -6807 99 1.7279 159 2.7751 39 +1130 
40 6081 100 1.7453 160 2.7925 40 . 1160 
4I -7156 IOI 1.7628 I61 2.8100 4I JELOO: 
42 +7330 102 I.7802 162 2.8274 42 .O122 
43 +7505 103 1.7977 163 2.8449 43 .O125 
44 -7679 104 1.8151 164 2.8623 44 0128 
45 7854 105 1.8326 165 2.8798 45 .OI31 
46 . 8029 106 1.8500 166 2.8072 46 0134 
47 .8203 107 1.8675 167 2.9147 47 . 0137 
48 -8378 108 1.8850 168 2.50322 48 -O140 
49 8552 109 I.9024 169 2.9496 49 0143 
50 .8728 Ilo I.9199 170 2.96071 50 .O145 
51 . 8001 amen: 1.9373 iyi 2.9845 51 0148 
52 -9076 LES 1.9548 I72 3.0020 52 -OI15I 
53 +9250 113 1.0722 173. | 3.0194 53 .O1S4 
54 +9425 114 1.9807 174 3.0369 54 .0157 
55 +9599 IIs 2.0071 | 175 3-0543 55 - 0160 
56 9774 116, 2.0246 176 3.0718 56 0163 
Sr -9948 rr7 2.0420 Ny poe 3.0892 Bi 0166 
58 1.0123 118 2.0595 178 3.1067 58 0169 
59 1.0207 I19 2.0769 I79 Be Lat 59 .O172 
60 I.0472 120 2.0044 180 3.1416 60 0175 


500 inclusive) of polygons, one-half the angle subtended by a side 
and the sine of that half angle. To get the length of a side of any 
polygon, of a number of sides included in the limits of the table, 
multiply the corresponding sine in the table by the diameter of the 
circumscribed circle. 

The squares of mixed numbers not found in Table 10 are most 
conveniently computed by remembering that (a+0)?=a?+2ab+0’, 
that is to say, add the square of the whole number, the square of 
the fraction and twice the product of the whole number and fraction. 


Squares of binary fractions will be found in Table 22 and decimal 
equivalents in Table 16 which will greatly facilitate the process. 


Example: Required the square of 2775 


SQUAT Oso 7 9 We ena ac mere oe 729.0000 
SQUAre Of eecte Me ces Ettee acts tye . 0039 
twice the product of 27 and 35 

SOU ITO OOD me terenteisinireisuseeae a eleiareere Bh BUS 


square of 2775 732-3789 


460 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 
TABLE 10.—SQUARES OF MixED NUMBERS 
(W. L. and R. E. Tyron, Amer. Mach., Dec. 23, 1999) 
No. 0 I 2 3 4 5 6 7 

fe) . 000000 1.00000 4.00000 9.00000 16.00000 25.00000 36.00000 49.00000 
a .000244 1.03149 4.06274 9.09399 I6.12524 25.15049 36.18774 49.21899 
ay | .000077 | 1.06348 4.125098 9.18848 16. 250098 25.31348 36.37598 49.43848 
cre | .002197 | 1.09595 4.18070 9.28345 16.37720 25.47005 36.56470 49.65845 
ts | - 003906 1.12891 4.25391 9.37801 16.503901 25.62801 36.75391 49.878901 
& . 006104 I.16235 4.31860 9.47485 16.63110 25.78735 36.94360 50. 09985 
ae .008789 I. 19629 4.38379 9.57129 16.75879 25.94620 37-13379 50. 32129 
ce . O1I963 1.23071 4.44946 9.66821 16.88606 26.10571 37.32446 50.54321 
$ | 015625 1.26563 4.51563 “9.76563 17.01563 26. 26563 37.51563 50. 76563 
Si 010775 I.30103 4.58228 9.86353 I7.14478 26. 42603 37.70728 50.98853 
or .024414 I.336901 4.64941 9.96191 I7.27441 26. 58691 37.890041 51.21I91 
ry .020541 1.37329 4.71704 10.06079 17 .40454 26.74829 38. 09204 51.43579 
is 035156 | 1.41016 4.78516 10. 16016 17.53516 26.91016 38.28516 51.66016 
tz 041260 I.44751 4.85376 IO. 26001 17.66626 27.07251 38.47876 51.88501 
32 .047852 1.48535 4.92285 10. 36035 17.79785 27 .23535 38.67285 52.11035 
ti | 054932 | 1.52368 4.99243 10. 46118 I7.92993 27.39868 38. 86743 52.33618 
rs .062500 | 1.56250 5.06250 I0.56250 18.06250 27.56250 39.06250 52.56250 
et .070557 1.60181 5.13306 I0.66431 18. 19556 27.726081 39. 25806 52.78031 
as 079102 1.64160 5.20410 10. 76660 18.32010 27.89160 39.45410 53.01660 
tt 088135 1.68188 5.27563 10.85938 18. 46313 28.05688 39.65063 53.24438 
i5 . 097656 } 1.72266 5.34766 I0.97266 18.590766 28 .22266 39. 84766 53-47266 
re . 107666 1.76392 5.42017 IIl.07642 18.73267 28. 388092 40.04517 53.70142 
Evy . 118164 1.80566 5.49316 Ir. 18066 18.86816 28.55566 40.24316 53.93066 
Gs . 129151 | 1.84790 5.56665 II.28540 I9.00415 28.72290 40.44165 54.16040 
3 140625 | 1.89063 5.64063 II. 39063 19. 14063 28 .89063 40.64063 54.39063 
t .152588 | 1.93384 5.71509 II. 49634 19.27759 20.05884 40.84009 54.62134 
crs . 165039 1.97754 5.79004 11.60254 19. 41504 29 .22754 41.04004 54.85254 
re -177979 2.02173 5.86548 ILl.709023 19.55298 29 .390673 41.24048 55.08423 
i is . 191406 2.06641 5.94141 I1.81641 19.69141 29.560641 4I.44141 55.31641 
5 at . 205322 By ia Ea 6.01782 II.92407 I9.83032 29.73657 41.64282 55.-54907 
& 33 . 219726 2ES 23 6.090473 T2ROR223 I9.969073 29.90723 41.84473 55-78223 
> & - 234619 2.20337 Onk72 12: I2.14087 20. 10962 30.07837 42.04712 56.01587 

7 5 
5 . 250000 2.25000 6.25000 I2.25000 20.25000 30.25000 42.25000 56.20500 
ro # . 265860 2.20752 6.32837 I2.35962 20.39087 30.42212 42.45337 56.48462 
x | . 282227 2.34473 6.40723 12. 46973 20.53223 30.59473 42.05723 56.71973 
$i . 299072 2.39282 6.48657 I2.58032 20.67407 30.76782 42.86157 56.95532 
16 . 316406 2.44141 6.56641 I2.69141 12.81641 30.94141 43.06641 57-19141 
cre - 334229 2.49048 6.64673 12.80208 20.95923 31.11548 PMB PG SH 57.42798 
32 - 352539 2.54004 6.72754 I2.91504 21.10254 31. 29004 43-47754 57-66504 
ct . 371338 2.59009 6.80884 13.02759 21.24634 31.46509 43 .68384 57.90259 
$ - 390625 2.64063 6.89063 I3.14063 21.39063 31.64063 43.89063 58.14063 
ash | 410400 2.69165 6.97290 I3.25415 21.53540 31.81665 44.09790 58.37915 
a3 | -430664 2.74316 7.05566 13. 36816 21.68066 31.99316 44.30566 58.61816 
crs 451416 2a TOS, 7.138092 13.48267 21.82642 32.17017 44.51392 58.85767 
% | .472656 2.84766 7.22266 I13.59766 21.97266 32.34766 44.72266 59.090766 
et | - 494385 2.90063 7.30688 13. 71313 22.11938 32.52563 44.93188 59.33813 
ae | . 516602 2.95410 7.39160 13.82910 22.26660 32.70410 45.14160 59.57910 
rz 4 . 539307 | 3.00806 7.47681 I3.94556 22.41431 32.88306 45.35181 59.82056 
s | . 562500 | 3.06250 7.56250 I4.06250 22.56250 33.06250 45.56250 60.06250 
& | - 586182 3.11743 7.64868 14.17993 22. 71118 33.24243 45.77368 60.30493 
8 | 610352 3.17285 Te13535 14.29785 22. 86035 33-42285 45.98535 60.54785 
a | 635010 | 3.22876 7.82251 I4.41626 23.01001 33 .60376 46.19751 60.79126 
a | .660156 3.28516 7.91016 I4.53516 23.16016 33.78516 46.41016 61.03516 
4 -685791 3.34204 7.99829 14.65454 23 .31079 33.96704 4662320 61.27054 
ce . 711914 3.39941 8.086901 14.77441 23. 46191 34.14941 46. 83601 61.52441 
crs 738526 3.45728 8.17603 14.89478 23.61353 34.33228 47.05103 61.76078 
ee - 765625 3.51563 8.26563 I5.01563 23.76563 34.51563 47.26563 62.01563 
a 793213 3.57446 8.35571 15. 13696 23.91821 34.69046 47.48071 62. 26106 
% 821289 3.63779 8.44629 15.25879 24.07120 34. 88379 47.69629 62.50879 
<a 840854 3.69360 8.53735 15.38110 24.22485 35.06860 AT.91235 62.75610 
1 -878906 3-75391 8.62801 15.50301 24.37801 35. 25301 48. 12801 63.0030 
crs .908447 3.81470 8.72005 I5.62720 24.53345 35.43970 48. 34595 63.25220 
#% 938477 3.87598 8.81348 15.75098 24.68848 35 .62508 48. 56348 63. 50008 
rr 968994 3.93774 8.900640 15.87524 24.84309 35.81274 48. 78149 63.7§024 
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TABLE 10.—SQUARES OF MrxeD NumBers—(Continued) 
(W. L. and R. E. Tyron, Amer. Mach., Dec. 23, Tg09.) 


461 


No. 8 9 10 Ir 12 13 14 15 
fo) 64.0000 81.0000 100. 0000 121.0000 144.0000 169.0000 196, 0000 225.0000 
oy 64.5010 81.5635 100.6260 121.6885 144.7510 169.8135 196.8760 225.9385 
ts 65.0039 82.1289 IOI. 2539 122.3789 145.5039 170.6289 197-7539 226.8789 
& 65.5088 82.6063 101.8838 123.0713 146.2588 I71.4463 198.6338 227.8213 
$ 66.0156 83.2656 102.5156 123.7656 147.0156 172.2656 199.5156 228.7656 
a 66.5244 83.8369 103.1494 124.4619 147.7744 173.0869 200.3994 229.7119 
te 67.0352 84.4102 103.7852 125.1602 148.5352 173.9102 201.2852 230.6602 
a7 67.5479 84.9854 104.4229 125.8604 149.2979 174.7354 202.1725 231.6104 
t 68.0625 85.5625 105.0625 126.5625 150.0625 175.5025 203.0625 232.5625 
a5 68.5791 86.1416 105.7041 127.2666 150.8201 176.3916 203.9541 233.5106 
16 69.0077 86.7227 106.3477 127.9727 151.5077 D7i7me227 204.8477 234.4727 
=e 60.6182 87.3057 106.9032 128.6807 152.3682 178.0557 205.7432 235.4307 
& 3 70.1406 87.8906 107.6406 129.3906 153.1406 178.8906 206.6406 236.3906 
S 4 70.6650 88.4775 to8. 2900 130.1025 153.9150 179.7278 207.5404 237.3535 
8 Ls 71.1914 89.0664 108.9414 130.8164 154.6014 180. 5664 208.4414 238.3164 
a oa 71.7197 89.6572 109.5947 131.5322 155.4697 181.4072 209.3447 239.2822 
Hw 
3 } 72.2500 90.2500 110.2500 | 132.2500 156.2500 182.2500 210.2500 240.2500 
Zz 3 72.7822 90.8447 110.9072 | 132.9697 157.0322 183.0047 2 EE. She 241.2197 
aS cy 73.3164 OI.4414 111.5664 133.6014 157.8164 183.9414 212.0664 242.1914 
< Be 73.8525 92.0400 TI2.2275 134.4150 158.6025 184.7900 212.9775 243.1650 
3 74.3906 2.6406 112.8906 135.1400 159.3906 185.6406 213.8906 244.1406 
= 74.9307 93.2432 113.5557 135.8682 160. 1807 186.4932 214.8057 245.1182 
7 75-4727 03-8477 114.2227 136.5977 160.9727 187.3477 215.7227 246.0977 
3 76.0166 94.4541 114.8916 137.3291 161.7666 188.2041 216.6416 247.0791 
: 76.5625 95.0625 II5.5625 138.0625 162.5625 189.0625 217.5625 248.0625 
RE 77.1104 95.6729 116.2354 138.7979 163.3604 189.9229 218.4854 249.0479 
W 77.6602 96.2852 116.9102 139.5352 164.1602 190.7852 219.4102 250.0352 
5 78.2119 96.8004 117.5869 140.2744 164.9619 191.6494 220.3369 251.0244 
$ 78.7656 07.5156 118.2656 141.0156 165.7656 192.5156 221.2656 252.0156 
8 79.3213 98.1338 118.9463 141.7588 166.5713 193. 3838 222.1963 253.0088 
# 79.8789 98.7539 119.6289 142.5039 167.3789 194.2539 223.1289 254.0039 
B 80.4385 99.3760 120.3135 143.2510 168.1885 195.1260 224.0635 255.0010 
No. 16 17 18 I 19 20 2I 22 23 
fe) 256.000 289.000 324.000 | 361.000 400.000 441.000 484.000 529.000 
oy 257.001 290.063 325.126 362.188 401.251 442.313 485.376 530.438 
is 258.004 291.129 326.254 363.379 402.504 443.629 486.754 531.879 
ar 259.009 292.1096 327.384 364.571 403.759 444.946 488.134 533.321 
3 260.016 293.266 328.516 365.766 405.016 446.206 489.516 534.766 
) 261.024 204.337 329.649 366.962 406.274 447.587 490.899 536.212 
vs 262.035 295.410 330.785 368.160 407.535 448.910 492.286 537.660 
aa 263.048 296.485 331.923 369.360 408.798 450.235 493.673 539.110 
3 264.063 297.563 333.063 370.563 410.063 451.563 495.063 540.563 
aa 265.079 298.642 334.204 371.767 411.329 452.892 496.454 542.017 
ts 266.098 209.723 335.348 372.973 412.508 454.223 497.848 543.473 
ra 267.118 300.806 336.493 374.181 413.868 455.556 499. 243 544.931 
a 3 268.141 301.891 337-641 375.391 415.141 456.801 500.641 546.391 
8 4 269.165 302.978 338.790 376.603 416.415 458.228 502.040 547.853 
ea ie 270.191 304.066 339-941 377.816 417.691 459. 566 503.441 549.316 
> | 271.220 305.157 341.095 379.032 418.970 460.907 504.845 550.782 
isl 
= 3 272.250 306.250 342.250 380.250 420.250 462.250 506.250 552.250 
% | 273.282 307-345 343.407 381.470 421.532 463.595 507.657 553.720 
eS het 274.316 308.441 344.566 382.601 422.816 464.941 £09. 066 555.1901 
Bol 275-353 309.540 345.728 383.915 424.103 466.290 510.478 556.665 
3 276.391 310.641 346.801 385.141 425.301 467.641 511.891 558.141 
ah 277.431 311.743 348.056 286. 368 426.681 468.993 513.306 559.618 
ak 278.473 312.848 349. 223 387.598 427.973 470.348 514.723 561.008 
8 279.517 313.954 350.392 388.829 429.267 471.704 516.142 562.579 
i 280.563 315.063 351.563 390.063 430.563 473.063 517.563 564.063 
# 281.610 316.173 352.735 391.209 431.860 474.423 518.985 565.548 
R 282.660 317.285 353.910 392.535 433-160 475-785 520.410 567.035 
24 283.712 318.399 355.087 393.774 434.462 477.149 521.837 568.524 
t 284.766 319.516 356.266 395.016 435.766 478.516 523.266 570.016 
B 285.821 320.634 357.440 396.259 437.071 479.884 524.696 571.509 
38 286.879 321.754 358.629 397-504 438.379 481.254 526.129 573.004 
. 8 287.938 322.876 359.813 398.751 439.688 482.626 527.563 574.501 


462 HANDBOOK FOR MACHINE DESIGNERS AND DRAFTSMEN 
TABLE I0.—SQUARES OF Mixep NumBrers—(Continued) 
(W. L. and R. E. Tryon, Amer. Mach., Dec. 23, 1909) 
No 24 25 26 27 28 | 29 30 31 
° 576.000 625.000 676.000 729.000 784.000 841.000 900.000 961.000 
ay 577-501 626.564 677.626 730.689" 785.751 842.814 901.876 962.939 
ys 579.004 628.120 679.254 732.379 787.504, 844.629 903.754 964.879 
eI 580.509 620.696 680.884 734.071 789.259 846.446 905.634 966.821 
: 582.016 631.266 682.516 735.766 791.016 848.266 907.516 068.766 
so 583.524 632.837 683.149 737.462 792.774 850.087 909.399 970.712 
2 585.035 634.410 685.785 739.160 794.535 851.910 O11. 286 972.660 
ay 586.548 635.985 687.423 740.860 796.298 853.735 913.173 974.610 
3 588.063 637.563 689.063 742.563 798.063 855.563 915.063 976.563 
& 589.579 639.142 690.704 744.267 799.829 857.392 916.954 978.517 
ts 501.008 640.723 692.348 745-973 801.508 859.223 918.848 980.473 
at 592.618 642.306 693.993 747.681 803.368 861.056 920.743 982.431 
3 2 504.141 643.801 605.641 749.391 805.141 862.801 922.641 984.301 
S oF 595.665 645.478 697.290 751.103 806.915 864.728 924.540 986.353 
2 a 597.191 647.066 608.941 752.816 808.601 866.566 926.441 988.316 
a | 598.720 648.657 700.595 754.532 810.470 868.407 928.345 990. 282 
H 
A 
+ 4 600. 250 650.250 702.250 756.250 812.250 870.250 930.250 992.250 
3 i 601.782 651.845 703.907 757.970 814.032 872.005 932.157 994.220 
icc] 16 603.316 653.441 705.566 759.601 815.816 873.941 934.066 996.191 
< uy 604.853 655.040 707.228 761.415 817.603 875.790 935.978 998.165 
a 606.391 656.641 708.801 763.141 819.301 877.641 937.801 I000.I4I 
BB 607.931 | 658. 243 710.556 764.868 821.181 879.493 939.806 I1002.118 
ory 609.473 659.848 TEI 28 766.598 822.073 881.348 941.723 1004. 0098 
B OII.O17 661.454 713.892 768.329 824.767 883.204 943.642 1006.079 
3 612.063 663.063 715.563 770.063 826.563 885.063 945.563 1008. 063 
B 614.110 664.673 TETIZS5 771.798 828.360 886.923 947.486 1010. 048 
3 615.660 666.285 718.910 TIS e5s5 830.160 888.785 949.410 I0I2.035 
# 617.212 | 667.8990 720.587 775.274 831.962 890.650 951.337 I014.024 
t 618.766 669.516 722.266 777.016 833.766 892.516 953.266 I016.016 
B 620.321 671.134 723.946 778.759 835.571 804.384 955.196 1018. 009 
2 621.879 672.754 725.629 780.504 837.379 806.254 957.1290 1020. 004 
8% 623.439 | 674.376 TOT SLA: O22 5h 839.188 808.126 959.064 I022. 001 
No 32 | 33 34 35 36 37 38 39 
(0) 1024.00 | 1089.00 1156.00 1225.00 1296.00 1369.00 1444.00 I521I.00 
ay 1026.00 I09I.06 FESS Ts 1227 rO) 1208.25 LS 7rao wr 1446.38 1523.44 
ts 1028.00 1093.13 II60. 25 1229.38 1300.50 if 1373.63 1448.75 1525.88 
e 1030.01 1005.20 1162.38 I231.57 1302.76 1375.95 I451.13 E523 e32 
t 1032.02 1097.27 1164.52 TAs scc77 1305.02 1378.27 1453.52 ES3O 777: 
a 1034.02 1099.34 1166.65 1235.96 1307627, 1380.59 1455.90 T5seau 
$s 1036.04 IIOI.41 II68.79 1238.16 1309.54 1382.91 1458.29 1535.66 
a5 1038.05 1103.49 1170.92 1240.36 1311.80 1385.24 1460.67 1538.11 
3 1040.06 II05.56 1173.06 I242.56 1314.06 1387.56 1463.06 1540.56 
a 1042.08 1107.64 1175.20 1244.77 1316.33 1389.89 1465.45 1543.02 
ts 1044.10 II09.72 TL 35 1246.07 1318.60 1392.22 1467.85 1545.47 
11 
2 a aie IIIrI.81 1179.49 1249.18 1320.87 1394.56 1470.24 1547.93 
y 3 1048.14 I113.89 ‘ 1181.64 1251.39 1323. 54 1396.89 1472.64 1550.39 
8 ad 1050.17 III5.98 1183.79 1253.60 1325.42 1399.23 1475.04 1552.85 
3 5 1052.19 II18.07 1185.04 1255.82 1327.69 1401.57 1477.44 1555.32 
£ 33 1054.22 1120.16 1188.09 1258.03 1329.97 1403.91 1479.84 DSS Wao 
eS < 
> a 1056.25 EE22), 25 ITI9Q0. 25 1260.25 1332.25 I406. 25 1482.25 1560.25 
3 a 1058.28 II24.34 II92.41 1262.47 1334n5s 1408.59 1484.66 1562.72 
3 is | 1060.32 1126.44 IIQ4.57 1264.69 1336.82 I410.94 1487.07 1565.19 
= u 1062.35 1128.54 1196.73 1266.91 1339.10 1413.29 1489.48 1567.67 
5 1064.39 1130.64 1198.89 1269.14 1341.39 1415.64 1491.89 1570.14 
u 1066.43 ELSS. 74 1201.06 E271237. 1343.68 I417.99 1494.31 1572.62 
re 1068.47 1134.85 1203.22 1273.60 1345.97 _ 1420.35 1496.72 1575.10 
# 1070.52 1135.95 1205.39 1275.83 1348.27 1422.70 1499.14 1577.58 
. 1072.56 1139.06 1207.56 1278.06 1350.56 1425.06 I501.56 1580. 06 
$3 1074.61 PO. Bea Of 1209.74 1280.30 1352.86 1427.42 1503.99 1582.55 
i 1076.66 II43.29 2Te Ow 1282.54 1355.16 1429.79 1506.41 1585.04 
| 
2 | See II45.40 1214.09 1284.77 1357.46 1432.15 1508.84 1587.52 
a 1080.77 PLAT O52 1216.26 1287.02 1359.77 1434.52 I51II.26 1590.02 
B 1082.82 1149.63 1218.45 1289. 26 1362.07 1436.88 1513.70 1592.51 
as 1084.88 POS 7S 1220.63 I291I1.50 1364.38 1439.25 PS 56. 1G I595.00 
B 1086.94 1153.88 1222.81 1203.75 1366.69 1441.63 1518.56 1597.50 


Ns 
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TABLE to.—SqQuares or Mixep NumpBrers—(Continued) 
(W. L. and R. E. Tryon, Amer. Mach., Dec. 23, 1909) 
No. 40 41 42 43 44 45 46 47 
° 1600.00 1681.00 1764.00 1849.00 1936.00 2025.00 2116.00 2209.00 
FY 1610.02 1691.27 1774.52 1850.77 1947.02 2030.27 2127.52 2220.77 
- 1620.06 I701.56 1785.06 1870.56 1958.06 2047.56 2139.06 2232.56 
: 1630.14 1711.89 1795.64 1881.39 1969.14 2058.80 2150.64 2244.39 
3 1640.25 1722.25 1806. 25 1892.25 1980. 25 2070.25 2162.25 2256.25 
$ 1650.39 1732.64 1816.89 1903.14 I9QI.39 2081.64 2173.89 2268.14 
3 1660.56 1743.06 1827.56 1914.06 2002.56 2093.06 2185.56 2280.06 
$ 1670.77 T753.52 1838.27 1925.02 2013.77 2104.52 2107.27 2202.02 
No. 48 49 50 51 52 53 54 55 
fe) 2304.00 2401.00 2500.00 2601.00 2704.00 2800.00 2916.00 3025.00 
4 2316.02 2413.27 2512.52 20S 5714) 27LT ROD 2822.27 2929.52 3038.77 
3 2328.06 2425.56 2525.06 2626.56 2730.06 2835.56 2043.06 3052.56 
2 2340.14 2437.80 2537.64 2639.39 2743.14 2848.89 2956.64 3066.39 
4 2352.25 2450.25 2550.25 2652.25 2756.25 2862.25 2070.25 3080. 25 
$ 2304.39 2462.64 2562.80 2665.14 2709.39 2875.64 2083.89 3004.14 
3 2376.56 2475.06 2575.56 2678.06 2782.56 2889.06 2007.50 3108.06 
t 2388.77 2487.52 2588.27 2601.02 2775.77 2902.52 3011.27 3122.02 
No. 56 57 58 59 60 61 62 63 
° 3136.00 3249.00 3364.00 3481.00 3600.00 3721.00 3844.00 3969.00 
$ 3150.02 3263.27 3378.52 3495.77 3615.02 3736.27 3859.52 3984.77 
+ 3164.06 3277.56 3393.06 3510.56 3630.06 3751.56 3875.06 4000.56 
Fy 3178.14 3291.80 3407.64 3525.39 3645.14 3766.89 3890.64 4016.39 
$ 3192.25 3306.25 3422.25 3540.25 3660.25 3782.25 3900.25 4032.25 
$ 3206.39 3320.64 3436.80 3555.14 3675.39 3797.64 3921.89 4048.14 
i 3220.56 3335.06 3451.56 3570.06 3600.56 3813.06 3937.56 4064.06 
3 3234.77 3349.52 3466.27 3585.02 3705.77 3828.52 3953-27 4080.02 
No. 64 65 66 67 68 69 70 71 
re) 4096.06 4225.00 4356.00 4489.00 4624.00 4761,00 4900.00 5041.00 
3 4112.02 4241.27 4372.52 4505.77 4641.02 4778.27 4917.52 5058.77 
t 4128.06 4257.56 4389.06 4522.56 4658.06 4795.56 4935.06 5076.56 
3 4144.14 4273.89 4405.64 4539.39 4675.14 4812.89 4952.64 5094.39 
4 4160.25 4290.25 4422.25 4550.25 4692.25 4830.25 4970.25 SET 2025 
g 4176.39 4306.64 4438.89 4573-14 4709.39 4847.64 4987.89 5130.14 
2 4192.56 4323.06 4455.50 4590.06 4726.56 4865.06 5005.56 5148.06 
t 4208.77 4339.52 4472.27 4607.02 4743.77 4882.52 5023.27 5166.02 
No. 72 73 74 75 76 17 78 79 
° 5184.00 5329.00 5476.00 5625.00 5776.00 5929.00 6084.00 6241.00 
4 5202.02 5347.27 5494.52 5643.77 5795.02 5948.27 6103.52 6260.77 
3 5220.06 5365.56 5513.06 5662.56 5814.06 5967.56 6123.06 6280.56 
3 5238.14 5383.89 5531.64 5681.39 5833.14 5986.89 6142.64 6300.39 
3 5256.25 5402.25 5550.25 5700.25 5852.25 6006. 25 6162.25 6320.25 
= 5274.39 5420.64 5568.80 5719.14 5871.39 6025.64 6181.89 6340. 14 
3 5202.56 5439.06 5587.56 5738.06 5800.56 6045.06 6201.56 6360.06 
t 5310.77 5457-52 5606. 27 5757.02 5909.77 6064.52 6221.27 6380.02 
No. 80 8r 82 83 84 85 86 87 2 
° 6400.00 6561.00 6724.00 6889.00 7056.00 7225.00 7396.00 7569.00 
3 6420.02 6581.27 6744.52 6909.77 7077.02 7246.27 7417.52 7590.77 
4 6440.96 6601.56 6765.06 6930.56 7008.06 7207.56 7439.06 7612.56 
3 6460.14 6621.89 6785.64 6951.39 4IIO. 14 7288.89 7460.64 7634.39 
3 6480.25 6642.25 6806. 25 6972.25 7140.25 7310.25 7482.25 7656.25 
§ 6500.39 6662.64 6826.89 6993.14 7161.39 7331.64 7503.89 7678.14 
3 5520.50 6683.06 6847.56 7014.06 7182.56 7353.06 7525.56 7700.06 
t 6540.77 6703.52 6868. 27 7035.02 7203-77 7374-52 7547-27 7722.02 
No. 88 89 90 or 92 93 94 95 
ey 7744.00 7921.00 8100.00 8281.00 8464.00 8649.00 8836.00 9025.00 
3 7766.02 7943.27 8122.52 8303.77 8487.02 8672.27 8859.52 9048.77 
1 7788.06 7065.56 8145.06 8226.56 8510.06 8605.56 8883.06 9072.56 
3 7810.14 7987.89 8167.64 8349.39 8533.14 8718.89 8906.64 9096.39 
3 7832.25 8010.25 8190.25 8372.25 8556.25 8742.25 8930.25 9120.25 
§ 7854.39 8032.64 8212.89 8305.14 8579.39 8765.64 8953.89 9144.14 
3 7876.56 8055.06 8235.56 8418.06 8602.56 8789.06 8077.56 9168.06 
H 7808.77 8077.52 8258.27 8441.02 8625.77 8812.52 QOOL. 27 QI92.02 
No. 06 97 08 99 100 IOI 102 103 
° 9216.00 9409.00 9604.00 9801.00 10000.00 I0201.00 I0404.00 10609.00 
q 9240.02 0433.27 9628.52 9825.77 I10025.02 10226. 27 I0429.52 10634.77 
+ 0264.06 0457-56 9653.06 9850.56 10050. 06 I0251.56 10455.06 10660.56 
3 9288.14 0481.89 0677.64 9875.39 I0075.14 10276. 89 10480.64 10686. 39 
4 0312.25 9506. 25 0702.25 9900. 25 IOI00. 25 10302. 25 10506. 25 107 D2n25 
5 0336.39 9530.64 9726.89 0925.14 I0125.39 10327.64 I10531.89 10738.14 
3 9360.56 0555.06 9751.56 9950.06 I10150.56 10353.06 10557.56 10764. 06 
1 0384.77 0579.52 0776.27 0975.02 I0175.77 10378.52 10583. 27 10790. 02 
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TABLE 11.—FORMULAS AND CONSTANTS FOR THE COMPUTATION OF REGULAR PoLycons, By W. L. Benirz (Amer. Mach., May 


Factors and their Logarithms, and Central Angles, for Polygons of from 3 to 25 Sides 


N| F Log F M Log M H Log H K Log K B Log B 2 
3 5.19615 - 715682 5.19615 - 715682 - 324760 1.511562 - 433013 1.636501 - 384900 1.585348 120° 
4 4.00000 . 602060 5.65685 - 752575 - 500000 1.698070 1.00000 - 000000 - 353553 1.548455 go° 
5 | 3.63271 | .560231 5.87785 . 769219 .594410 1.774086 1.72048 - 235049 - 340260 7.531811 LE 
6 | 3.46410 | .530501 6.00000 . 778151 649519 | 1.812592 2.59808 -414052 -333333 | 1.522879 Oo" 
7 3.37100 .527759 6.07435 . 783500 .684103 e835 122 3.63393 . 560377 - 329254 1.517531 SIC 25243K 
8 3.31371 .520314 6.12204 . 786960 - 707107 1.849485 4.82843 683806 - 326641 1.514070 45° 
9 | 3.27573 | .515308 | 6.15636 - 789324 .723136 | 1.859220 6. 18182 - 791117 -324867 | 1.511706 a 
10 | 3.24920] .511776 6.18034 791012 - 734732 1.866129 7.60421 - 886164 . 323607 1.510018 36° 
11 | 3.22089 | .509187 | 6. 19811 792259 .743380 | 1.871211 9.36566 -971538 -322679 | 1.508771 | 32° 43' 38!” 
12 3.21539 .507234 6.21166 - 793207 - 750000 1.875061 II.1962 T.049069 321975 1.507823 30° 
13 | 3.20420 | .505720 6.22219 793943 755173 1.878047 13.1858 1.120107 . 321430 1.507087 27° Ar’ 327 
14 | 3.19543 | .504520 | 6.23062 794532 .759203 | 1.880410 | 15.3344 1.185667 -320995 | 1.506409 | 25° 42’ 51/7 
15 | 3.18835 503566 6.23735 -795000 762631 1.882315 17.6424 1.246557 320649 T. 506030 24° 
16 3.18260 .502782 6.24289 - 795386 - 765367 1.883870 20.1004 I. 303398 - 320364 1.505644 22° 30! 
17 3-17788 - 502138 6.24754 - 795709 - 767636 1.885155 eto se) I.356700 - 320126 1.505321 BX ns 54 
18 3.17389 501501 6.25133 795973 7690545 1.886234 25.5208 1.406894 - 319932 1.505057 20° 
19 3.17051 . 501130 6.25455 .796196 -771166 1.887148 28.4654 1.454318 - 319767 1.504834 TS05 Of 5s 
20 3.16769 . 500743 6.25738 - 796392 - 772543 1.887922 31.5688 1.499258 - 319623 1.504638 18° 
21 3.16523 500405 6.25075 .796557 .773729 1.888580 34.8316 1.541974 . 319502 1.504473 Ajesou 34” 
22 3-16317 . 500123 6.26195 - 796710 . 774763 1.889169 38.2527 1.582663 - 319389. 1.504320 16° 21’ 49 
23 3.16129 - 499864 6.26369 . 796830 -775668 1.880676 41.8342 1.621532 . 319301 1.504200 TS yoy! ta 
24 3.15966 - 499640 6.26526 . 796939 - 770457 1.890118 45.5745 1.658722 » 319221 1.504091 Sa 
25 3.15824 .499444 6. 26666 - 797036 .777156 1.890508 49.4738 1.694376 - 319149 T 503904 14° 24’ 
SYMBOLS AND EQUATIONS TABLE 12.—DIAMETERS AND SPACINGS OF CIRCLES WITH NEAREST 
WHOLE NUMBER OF DiVISIONS 
z =Angle subtended at center by side. (Jas. Fraser, Amer. Mach., May 14, 1908) 
P=Perimeter of polygon. - = 
Gelenath of one side. Diam- Distance on circumference 
A Sy Ares of polygon. eter ar!’ ve” aa 35’ raed 5” ar qa’ 4” as/’ | grr HY” | arr 4” pene 
N = Number of sides. a 25 | 12 6 
d =Diameter of inscribed circle, a Bi ||| 6 8 
D=Diameter of ciicumscribed circle. 3 38 | 19 9 6 
3 44) 22 | IT tii 5 
3 Oa 25s obs 8 6 
Knowing 
| 3 OSa este com ero 8} 6 
P A C D d i Utes || RO) atom accel) OH BI GS 
4 SSM TAs 52 arse \nter| eG) 7 
I 100 | 50 | 25 I7 I3]} Io Si 7 6 
—— MD 
P P=2\V/FA P—=GNi Ear IPH) 3 £265) 635) 31 "20 | 16\"a23. rola Si 7 
a is T5077 Sule Son 2 5nl Osos ies een eo eS 7 
& | | ; az 176 | 88 | 44 | 29 | 22} 18 | 15} 13 | x1] 10 9| 8 7 
P2 2 
= | A aath cee A=HD? a=** 2 200 {100 | 50 | 34 | 25| 20 | 17] 14 | 12| rr | ro] 9 S| 7 6 
o_ | 
fq : 2 226 |113 | 56 | 38 | 28] 23 | 10] 16 F4| 13 | BL ro Oi Sie 
° as 5 25D |T25 363 | 42 esr es a onl neal 26 LAY D2) ee Opole 
i= in? FA oul D Fd A % 
c C= ew! ca Cas, 3 277 |138 | 60 | 46 | 35] 28 | 23] 20 | 17] 15 £4 S| rei OsaEo! 
3 SO20TS L975: 1150) | S8I53O) 25 220 ero) i e7aaer 5 | erie eens ren 
D “D=BP D=2B\/FA D=NBC D=BFd a 327 |103% 82) 54 | aml 33 | 27 23 | 20] 18 | 16] 15 | 14| 12] ro 
3 352 |176 | 88 | 59 | 44] 35 | 30] 25 | 22] 20 | 18] 16 LS SS) we 
2 378 |189 | 94 | 63 | 47] 38 | 31 27 | 24) 21 | 10) 17 | 16) r4| 12 
ae 4 402 |201 |100 | 67 | 50] 40 | 34] 29 | 25| 22 | 20| 18 | x 
DE eet) AN AR ges RCOk 2M AD dee 
N2 N N N? 
i 428 |214 |107 | 71 | 53! 43 | 36 SE 27) 24g 20 eTO Stems ers 
; j ' ; 2 454 |227 |114 | 76 | 57] 45 | 38] 32 28) 25 23 \e2n I9| 16] 14 
ss Sanaa geen ate used in the calculations, their values being 3 478 1239 |119 | 79 Go] 48 | 40! 34 | 30) 271 24] 22 | 20 I7| 15 
u in Table 11: 5 503 |252 |126 | 84 | 63] 50 | 42] 36 3H) 28) ) 525) 23 1) orl 8) 26 
* 180° | = ESOS No 360° 
F=N tan No -M=2N sin No 8 Sin No 5 528 |264 {132 | 88 | 66) 53 | 44] 38 33] 29 | 26] 24 | 22) 19] 16 
LN el sbet, ie 180° 2 |554 |277 |138 | 92 | 60] 55 | 46| 40 | 35] 3x | 27| 25 | 23/ 20 17 
Fer ae ip COE z 579 |280 |145 | 96 | 73/ 58 | 48] ax | 36] 32 | 281 26 24| 21| 18 
6 604 !302 l15r lror | 76) 61 50' 44 ! 38! 34 |! 30! 27 | 25] 22 19 
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TABLE 13.—AREAS OF CIRCULAR SEGMENTS 


From Trautwine’s Civil Engineer’s Pocket Book 


To find the area of a segment: Divide the height by the diameter. Opposite the result in this table find the area constant and 
multiply it by the square of the diameter. 
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Height Area Height Area Height Area Height Area Height Area Height Area Height | Area 
.OOor 000042 073 .025714 meas 070329 HOt .125634 . 280 . 188141 On 225 55.00 +433 - 325900 
002 .OOOTIO 074 . 026236 -146 .071034 e208 . 126459 .200 . 189048 meee} 250472 434 . 326891 
.003 . 000219 075 .026761 AT -O71741 .219 .127286 W2OL . 189056 . 363 P25 TASS -435 - 327883 
004 . 000337 LO7G. + .027290 -148 072450 .220 -128114 292 . 190865 - 3604 - 2583905 -436 - 328874 
.005 - 000471 .077 .027821 -149 073162 ~22t . 128943 293 -1901774 .3605 - 259358 437 . 329866 
.006 . 000619 .078 028356 .150 073875 2222 1520775 294 192685 . 366 260321 438 - 330858 
.007 000779 .079 028804 CEST .074590 223 . 130605 -295 . 193597 .367 . 261285 +439 - 331851 
-008 + 000052 -080 +020435 -152 -075307 +224 -131438 . 206 . 194509 .368 . 262249 -440 + 332843 
- 009 -OOII3S5 .O8t 020079 53 .076026 C225 192278 .207 195423 . 369 263214 -441 + 333836 
-O10 . 001320 .082 030526 154 .076747 .226 . 133100 298 . 196337 370 . 264179 -442 + 334829 
-O1T -001533 .083 .031077 LSS -077470 stay. - 133946 . 209 -197252: agifr 205145 +443 + 335823 
.O12 001746 084 . 031630 .156 .078104 .228 -134784 -300 .198168 See: 266111 444 - 336816 
- 013 001969 .085 032186 Sp i 078021 .229 -135624 .301 199085 «373 . 267078 -445 - 337810 
O14 0021909 086 032746 .158 079650 . 230 . 136465 .302 . 200003 ee | . 268046 -446 «338804 
.O15 002438 087 - 033308 -159 . 080380 e2at - 137307 - 303 + 200922 ao1S . 2690014 -447 +339799 
016 002685 088 -033873 .160 -O81112 .232 - 138151 .304 201841 -376 . 209982 448 +340793 
ar? - 0029040 089 -O34441 161 081847 239) 138906 »305 202762 cit 270951 -449 - 341788 
018 003202 000 035012 .162 .082582 -234 - 139842 - 306 + 203683 378 RAT TOLT -450 + 342783 
- O19 -003472 .0OL 035586 -163 083320 »235 - 140689 .307 + 204605 +379 .2728901 451 - 343778 
.020 .003749 002 -036162 164 084060 . 236 -141538 -308 - 205528 380 . 273861 +452 344773 
-O21 - 004032 003 036742 .165 .o848or ay) 142388 . 309 -200452 .381 .274832 +453 345768 
.022 004322 004 037324 . 166 -085545 e235 - 143239 -310 . 207376 .382 +275804 +454 - 346764 
023 004610 005 -037000 -167 -086200 -239 - 144001 aod - 208302 . 383 276776 -455 «347760 
+024 -004922 006 038407 -168 -087037 240 - 144945 ne ee) - 200228 «384 -277748 -456 . 348756 
025 -005231 007 + 030087 . 169 .087785 241 145800 6313 210155 ~385 278721 +457 +349752 
.026 005546 008 -0390681r -170 088536 242 - 146656 -314 - 211083 - 386 .2796905 -458 -350749 
027 .005867 090 -040277 DVL -0809288 243 +147513 aeuls 212011 - 387 . 280669 -459 -351745 
028 006104 .100 040875 oye -090042 »244 - 148371 - 316 .2I2941 - 388 - 281643 - 460 + 352742 
029 006527 . 101 -O41477 abs} 090707 245 + 149231 ghey . 213871 - 389 282618 461 «353739 
+030 - 006866 102 -042081 eth: -OOI555 246 - 150091 .318 214802 +390 + 283593 -462 - 354736 
O31 .007200 .103 -042687 hairs 092314 247 150053 -319 . 215734 -391 284569 -463 «355733 
-032 -007559 -104 - 043206 70 003074 248 - 151816 -320 . 216666 392 285545 - 464 «356730 
033 | 0079013 105 -043908 many .093837 249 ~ 152681 egon . 217600 +393 286521 465 -357728 
034 .008273 . 106 .044523 .178 .094601 250 -153546 +322 218534 -394 - 287499 -. 466 358725 
035 .008638 .107 -O45140 -179 .095367 251 -154413 323) - 219469 -395 288476 -467 359723 
-036 - 009008 -108 -0457590 -180 . 096135 252 155281 +324 - 220404 +396 289454 - 468 - 360721 
-037 009383 . 109 046381 181 0969004 253 - 156149 +325 +221341 -397 . 290432 - 469 - 361719 
-038 -009764 | .IIO 047006 .182 097075 254 - 157019 -326 222278 - 398 . 201411 +470 - 362717 
039 } .oror48s Peele -047633 - 183 -098447 255 -157801 Seen .223216 -399 . 292390 -471 1363715 
-040 | -O10538 | .112 -048262 184 099221 -256 - 158763 328 224154 -400 + 293370 -472 -3604714 
O41 010032 ins 048894 .185 - 099997 257 - 159636 329 +225004 401 + 294350 A738 365712 
SOL al | orencke gr -1I4 -049529 . 186 -100774 258 - 160511 .330 . 226034 -402 + 295330 +474 - 366711 
+043 -O11734 ap a a 050165 .187 - 101553 259 - 161386 Riche .226074 -403 . 206311 -475 - 367710 
-044 | -O12142 = £26 .050805 . 188 . 102334 260 - 162263 «332 -227916 -404 .297292 -476 - 368708 
-045 } -OL2555 117 -051446 . 189 - 103116 261 163141 “BOs 228858 405 . 298274 -477 - 369707 
.046 | 012971 .118 .052090 .190 . 103900 262 . 164020 -334 . 229801 - 406 . 299256 .478 -370706 
-047 -013393 .1I9 052737 191 - 104686 263 . 164900 335 . 230745 -407 - 300238 -479 +371705 
-048 -013818 .120 -053385 .192 -105472 264 165781 336 - 231689 .408 . 301221 . 480 +372704 
049 | 014248 “ieee .054037 -193 - 106261 .205 . 166663 Bar; . 232634 - 409 . 302204 481 «373704 
.050 | .O1468r 122 -054690 194 - 107051 206 - 167546 338 - 233580 -410 - 303187 .482 +374703 
.051 | .OI5II9 Bie -055346 -195 - 107843 267 - 168431 -339 . 234526 -4I1 -304171 - 483 +375702 
-052 015561 -124 056004 -196 . 108636 268 . 169316 -340 . 235473 +412 . 305156 484 +376702 
053 .O16008 .125 .056664 197 . 109431 269 .170202 341 . 236421 413 «306140 485 +377701 
+054 016458 .126 -057327 -198 . 110227 270 . 171090 342 - 237369 -414 307125 . 486 -378701 
-055 .O16912 ra et 057991 - 199 - 111025 271 -171978 Petes . 238319 -415 - 308110 . 487 +379701 
056 -017369 | .128 .058658 .200 111824 272 .172868 344 . 239268 -416 - 309006 . 488 . 380700 
057 017831 .129 059328 .201 .112625 273 -173758 -345 .240219 Pia tr . 310082 . 489 - 381700 
-058 -018207 .130 - 059999 .202 PMSA 7, 274 -174650 346 241170 -418 . 311068 -490 - 382700 
-059 .018766 eye . 060673 .203 LASS a 275 175542 347 . 242122 -419 .312055 491 . 383700 
060 .019239 “132 061349 204 . 115036 276 .176436 348 -243074 420 . 313042 -492 «384609 
O61 .O19716 Be} 062027 .205 . 115842 277 .177330 .349 - 244027 Aer . 314029 -493 + 385699 
.062 020197 ees 062707 .206 .I16651 278 .178226 .350 .244980 -422 . 315017 494 - 386699 
-063 .020681 -135 - 063389 -207 . 117460 279 -179122 351 - 245935 +423 316005 -495 - 387699 
.064 021168 .136 064074 .208 nuoz, Tv 280 . 180020 352 . 246890 .424 . 316993 . 496 . 388699 
.065 .021660 ey: 064761 . 209 . 119084 281 1809018 353 247845 +425 . 317981 -497 - 389699 
.066 .022155 .138 -065449 .210 - 119898 282 181818 354 - 248801 .426 . 3189070 .498 . 390699 
.067 022653 .139 066140 2am .120713 283 182718 355 249758 -427 . 319959 -499 -391699 
.058 -023155 .140 066833 OAR) Lats 30 284 . 183619 356 .250715 .428 . 320049 .500 -392699 
-059 .023660 -I41 067528 P253 .122348 285 . 184522 +357 . 251673 -429 . 321038 
-070 024168 .142 .068225 Pe. . 123167 . 286 .185425 358 . 252632 +430 .322928 
-O71 . 024680 .143 - 068924 S25 123988 287 . 186329 359 - 253591 -431 «323919 
.072 025196 -144 069626 .216 .124811 288 . 187235 360 254551 432 . 324909 
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TABLE 14.—ANGLES OF REGULAR POLYGONS TABLE 15.—CIRCUMFERENTIAL SPEEDS IN Ft. PER MIN. 
= a ] 5 od Be YO B ; 10, LOLe 
No. of | Included | Angles at center of | Angles for sides of By W.L. Tryon (Amer. Mach., Dec. 19, 1912) 
sides angle | circles figures Syn ae Revolutions per minute 
Sa = - i , 50 | 100 | 150 | 200 | 250| 300] 350| 400 450 500 550 
3 20 3° 39° I 13| 26] 30] 52] 65] 7z9| 92 105 118 I31 144 
°° o c 2 26| 52] 79] 105] I31| 157] 183 209 230 262 288 
4 9 45 45 
- r : A “4 3 39} 79] 118] 157] 196] 236] 275 314 353 393 432 
5 2 Toi 54 L042 4 §2| 105| 157| 209] 262| 314] 367| 419] 471| 523] 576 
6 60° 30° 30° 5 65| 131| 196] 262| 328] 393] 458 524 589 654 720 
| f i s : 6 79| 157| 236] 314| 393] 471] 550| 628} 707 785| 863 
8 45 45 TP BXGS 7 92| 183] 275] 367| 458] 550) 641} 733] 825| 916) 1,008 
: a m " x 8 I05| 200] 314] 419] 524| 628] 733 838 942} 1,047) 1,152 
Io 36 54 —18 ie) SS! 9 I18| 236| 353] 471| 5890| 707| 825 942| 1,060] 1,178] 1,206 
12 30° | 60° ee 10 I3I|} 262] 393] 524] 655] 785] 916] 1,047} 1,178] 1,309] 1,440 
3 ; | : II 144] 288] 432] 576] 720] 864)1008] 1,152] 1,206] 1,440] 1,584 _ 
14 25°43 | 64° 17/—38° 34’ 12° 51’ —38° 34’ 12 157| 314] 471| 628] 785] 943|1100| 1,257] 1,414] 1,571] 1,728 | 
| ae eee 13 I70| 340] 511] 681] 851/1o2z\Ir91] 1,361] 1,532] 1,701] 1,872 | 
| HOS lee | 64° 17 I4 183 367 550 733 916|1100|1283| 1,466] 1,649] 1,832| 2,016 
Os CA ean tO Che Meh Aa? 15 196] 393] 589] 785| 982|1178|1375| 1,571] 1,767] 1,963] 2,160 | 
16 22 3° os 30 45 . II a 33 45 16 209] 419| 628] 838]1047/1257/1466| 1,675] 1,885] 2,004] 2,304 
18 20 70°—50°—30 10°—30°—50 17 223] 445| 668] 800/1113|1335|1558| 1,780] 2,003] 2,225] 2,244 
a 5 18 236] 471| 707| 943/1178|1414|1649| 1,885] 2,121] 2,356] 2,592 : 
Io 70 19 249| 407| 746] 995|I244|1492/1741| 1,990] 2,238] 2,487] 2,736 
ae 18° 72° —«4° 9° -27°—45° 20 262| 524] 785/1047/1309|1571|1833| 2,094] 2,356] 2,618] 2,880 
z d > . Ee 21 275] 550} 825)1100|1374/1649|1924| 2,190] 2,474] 2,740] 3,024 
24 Is Fs Ges ais 7 30/—22 26 22 . | 288} 576) 864|)1152/1440|1728)2016| 2,304] 2,592] 2,880] 3,168 | 
és r 23 301} 602] 903/1204/1505|1806|2107| 2,409] 2,710] 3,011] 3,312 | 
Ba GO 24 314] 628] 943]/1257|1571/1885|2100| 2,513] 2,827] 3,142] 3,456 
25 327| 655] 982/13009|1636)1963|22091| 2,618] 2,945] 3,273] 3,600 
26 340] 681|/102T/1361|1702/2042|2382| 2,723] 3,063] 3,403] 3,744 | 
a 353] 707|1060)1414|1767/2121|2474| 2,827] 3,181] 3,534] 3,888 { 
28 367| 733/1100/1466|1837/2199|2566| 2,932] 3,200] 3,665] 4,032 | 
29 380] 759]1139|1518|1898|2278|2657| 3,037] 3,427] 3,796} 4,176 
30 393) 785|1178|1571/1964/2356|2749| 3,142] 3,534] 3,927] 4,320 
31 406] 812|/1217|1623/2029/2435|2840| 3,246] 3,652] 4,058] 4,464 
32 419| 838]1257/1676/2004/2513/2032| 3,351] 3,770] 4,189] 4,608 
33 432| 864|1296/1728/2160/2592|3024| 3,456] 3,888] 4,320] 4,752 
34 445] 890}1335)1780|2225/2670/3115] 3,560] 4,006] 4,451] 4,806 
35 458] 916|1375|1833|2201|2749|3206| 3,665] 4,123] 4,581] 5,040 | 
36 471] 943]1414|1885|2356|2827|3200| 3,770] 4,241] 4,712] 5,184 | 
37. 484] 969]1453|1937|2422/2906/3300| 3,875| 4,359] 4,843] 5,328 
38 497| 995|1492|1990/2487/|2085/3482| 3,979] 4,477| 4,974] 5,472 
39 SII)L021/1532/2042/2553/3063/3573| 4,084] 4,595] 5,105] 5,616 
40 524/1047/1571/2094|2618|3142/3665| 4,180] 4,712] 5,236] 5,760 
4I 537|1073|1610 2147|2683|/3220/3757| 4,204] 4,831] 5,367| 5,004 
42 550/I100/1649|2199|27409/32909 3848) 4,398) 4,948] 5,498] 6,048 
' : : 43 563|1126/1689|2251|/2814/3377|3040] 4,503] 5,066] 5,629] 6,102 
Circumferential speeds for diameters greater than those given in de ae ee tae Fors 2880/3456)4032| 4,608) 5,184) 5,760] 6,336 
é ; 178|1767/2 2 I2 iE ; 5 
Table 15, can be obtained by adding together the speeds for two 46 oe 1204/1806 2408) 301% oe qane 4817 Bre he ee 
diam . . > 47 15|1231|1846|2461|3076|3602/4307| 4,022| 5,5 6,152] 6,768 
ameters whose sum equals that of the diameter for which we require 48 628|1257/1885|2513/3142/3770|4308| 5,027 eee 6.283 Gu | 
the speed. For example, to find the speed at a 120-in. diameter a ee 12837984 2500|3207/3849/4400)" 5.358| 8) 773) Osea 
s x 2 - OO|I 201 Pe, 2 
and 200 r.p.m. the following calculation is readily made: 51 668 13358 2003 2670 3358 4006 re ae Oe oe bere 
52 681|1361|2042|2723|/3403/4084|4764| 5,445] 6,126] 6,807| 7,487 
53 694|1388|2081|2775|/3460| 4163/4856) 5,550] 6,244] 6,038] 7,631 
= ie me ere ge 27 3534 4241/4048] 5,655 G.302 7,009] 7,775 
2 : oi 0|2160|2880/3600|4320'5040] 5,760 ,480 aE ,OI 
speed for 100 in. diameter 5236 ft. 56 733|1466|2199| 2032/3665 foosleiaa 3864 6.507 73330 Bee 
speed for 20-in. diameter—1047 ft. 57 746|1492/2238|2085/3731|4477|5223| 5,060] 6,715] 7,461| 8,207 
58 759/1518)2278)3037/3796/4555/5314| 6,074] 6,833] 7,592] 8,351 { 
ss 59 772|1545|2317/3089|3862|4634/5406| 6,178] 6,051] 7,723| 8,405 
\ speed for 120-in. diameter—6283 ft. ee 785|1571/2356/3142 3027/4712/5408| 6,283] 7.069] 7,854] 8,630 
61 799|1597|2395|3194 3992|4791/5589| 6,388] 7,186] 7,985] 8,783 
62 812|1623]}2435|3246|4058)/4870|5681| 6,403] 7,304| 8,116 8,027 
63 825|1649|2474|3209|4123| 4048/5773] 6,597| 7.422] 8,247] 9,071 
; 64 838 1676)2513|3351/4180|5027|5864| 6,702] 7,540| 8,378 9,215 
To interpolate, we can use the values given for speed for 1- to Io ee Boal roel aonz [3403] 4254|5205|5956] 6,807] 7,658] 8,508) 9.359 
oe ogee 66 864|1728| 2502/3456 4320 5184 6040 6,912] 7,775] 8,640] 9,503 
in. diameters, dividing them by 10, 100, rooo, etc., to obtain speeds of ee BISA oS a 4385 5262/6139] 7,016] 7,893] 8,770] 9,647 
e ‘ 0/1780|2670/3650|/4451 I}6231 ore 8, ; 
for tenths, hundredths, thousandths, etc. For instance, if the speed 69 903]1806|2710)3613 4516 3at9 6322 41226 8.129 Ae 0,035 | 
for 550 r.p.m. and 46.186-in. diameter is required, we proceed as ie ooo lr Bee r49 3008 4882|5498|6414) 7.330] 8,247] 9,163] 10,079 
foll ? ¢ 71 929|1859/2788/3718 4647/5576/6506| 7,435] 8,365] 9,294| 10,223 
ollows: 72 943)1885|2827|3770/4712|5655|6507| 7,540] 8,482] 9,425] 10,367 
ye 956)/1911/2867|3822/4778 5733/6680] 7,644] 8,600] 9,556 I0,5II 
74 969|1937|2906|3875/4843|5812/6781| 7,740] 8,718] 9,687] 10,655 
< ; : 2 aee poet oe 3927/4909 2G Eee 7,854] 8,836] 9,818] 10,799 
of ie rs ~ 5|3979/4974/ 5969/6064) 7,959] 8,9 9,948] ro, 
4 Pere es .speed=6623 ft. 77 1008 /2016/3024/4032|5040/6048/7056| 8,063 clo 10,079 ee 
For .1 «in. dia.= 75 of z-in. dia. speed= 14.4 ft. ue ned pe 3063 ocd Se pre TIAT) > 8 LOG) OE8O) 10,210) 41231 
Z 5 ‘ ; 3 I02|41 I71|62 
For .c8 in. dia.= zo of 8-in. dia. speed= 11.5 ft. 80 1047| 2094 3142 4180 3236 6283 7330 81378 01425 10.472 11310 
Pot ack Ui, ie nese Sieed= ft = 1060|2121/3181|4241|5301|6362|7422| 8,482 9,543] 10,603] 11,663 
- : : =O LL. 2 1073)2147/3220|4204|5367/6440|7514| 8,587] 9,660] 10,734| 11,807 
OleA Ome OnIN iden © os sntees ee ee speed=6650 ft 83 |1087/2173|3259|4346|5432|6519|7605| 8,602] 9,778] 10,805] 11,951 
é 84 I100/2190|3209|4308|5498/6597|7607| 8,707| 9,896| 10,096] 12,005 
85 TI13/2225|3338)4451/5563/6676|7760| 8,901] 10,014] 11,127 12.230 
2 ae so au ee eo 6754 7880| 9,006] 10,132] 11,257 12.383 
; : a tte 4555/5094/0833/7972| 9,111/ 10,249] 11,388 
a peor he z the Be addition the digit in the tenths oS ee 2304/3456 abot oe p82 8063 ere 10.307 1/19 ae 
place, being 8, has been re aced by addi ci ane 1)2330/3495|4000/5825|/6000/8155| 9,320] 10,485] 11,650 
ey. ints Pp y nS oF te the units digit, 90 1178)/2356|3534/4712|5891|70609/8247| 9,425| 10,603] 11,780 
; er words 6649.8 has been called 6650. This is following the a ee Ae Ss) ha ee GAT e398 O15 SC) One iel eoee 
aa oe ie : 3013/4817|/6021|7226/8430| 9,6 10,8 12,0 
ethod used in making up the tables, for when the decimal part of 93 1217|2435|3652|4870|6087|7304 Be ones TOL886 a 
the speed was .5, or more, 1 was added, but when it was less tha Os regulator egocloe cece eo eo ee 
Filien Fa A irel n 95 1244) 2487|3731/4974|6217|7461|8704| 9,048] 11,192| 12,436 
55 f s dropped entirely. ae oy) 2513 are 5027 pee 7540/8706] 10,053] 11,310] 12,566 
Thesam 5 : 0|2539|3809]5079/6349) 7618/8888] 10,158] 11,428 
same method can be used for interpolating for r.p.m. between 98 — |1283|2§66|3849|5131|6414|7607|8980| 10,263 111545 
those given in the table. 99 1296) 2592/3888/5183|6480|7775|9071| 10,367] 11,663 
100 1309|2618/3927|5236/6545|7854/9163 I10,472| 11,781 
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Revolutions per minute 
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2400 2600 2800 3000 3200 3400 3600 3800 4000 4400 
a= 1200 1300 1400 I500 1600 1700 1800 1900 2000 2200 
I 600 650 700 750 800 850 900 950 1000 II0O 
t } i 157 170 183 196 200 223 236 249 262 288 
> I 2 314 340 307 393 419 445 471 497 524 576 
i 13 3 471 510 550 580 628 608 707 746 785 863 
I 2 4 628 681 733 785 838 8900 942 995 1,047 1,152 
14 2} 5 785 851 016 082 1,047 1,113 1,178 1,244 1,309 1,440 
1} 3 6 942 1,021 1,100 1,178 1,257 1,335 1,414 1,402 1,571 1,728 
1% 34 7 1100 1,101 1,283 1,375 1,466 1,558 1,049 1,741 1,832 2,016 
2 4 8 1257 1,361 1,466 DoT 1,675 1,780 1,885 1,990 2,094 2,304 
24 42 9 1414 Toot 1,649 1,767 1,885 2,003 2,120 2,238 2,350. 2,592 
23 5 10 Is71I 1,702 1,833 1,964 2,004 Bos 2,356 2,487 2,018) 2,880 
2} 53 Il 1728 1,872 2,016 2,160 2,304 2,448 2,592 2,736 2,880 3,168 
3 6 12 1885 2,042 2,199 2,350 2,513 2,670 2,827 2,984 3,143 3,456 
RP es pa moe S 13 2042 2,212 2,382 2,552 2,723 2,803 3,063 3,233 3,403 3,744 
33 7 14 2100 2,382 2,566 2,749 2,932 3,115 3,299 3,482 3,665 4,032 
| 3% 1 | 15 2356 2,552 2,749 2,945 3,142 3,338 3,534 Siok 3,927 4,320 
4 8 16 2513 2,723 2,032 3,142 3,351 3,560 35779 3,979 4,189 4,608 
Az i) St My 2670 2,803 3,115 3,338 3,560 3,783 4,006 4,228 4,451 4,896 
4} | 9 18 2827 3,063 3,299 3,534 3,770 4,006 4,241 4,477 4,712 5,184 
4¢ Oo 19 2085 3,233 3,482 3,731 3,979 4,228 4,477 4,725 4,974 5,472 
Ca eee | 20 3142 3,403 3,665 31927 4,189 4,451 4,712 4,974 5,236 5,760 
pee Sete 208 21 3299 31573 3,848 4,123 4,398 4,673 4,948 5,223 5,498 6,048 
eo es ame 22 3456 3,744 4,032 41320 4,008 4,806 5,184 5,472 5,760 6,336 
Sy a eS 3 3613 3,914 4,215 4,516 4,817 5,118 5,419 5,720 6,021 6,623 
Ga! #12 24 3770 4,084 4,398 4,712 5,027 5,341 5,655 5,969 6,283 6,912 
6 | 123 25 3027 4,254 4,581 4,909 5,236 5,563 5,891 6,218 6,545 (p20e 
| | 
| | 
6} | 13 26 4084 4,424 4,764 5,105 5,445 5,786 6,126 6,466 6,807 7,487 
| 63 | 133 27 A241 4,594 4,948 5,301 5,655 6,008 6,362 6,715 7,069 7:775 
a Te Neaak 4. | 28 4398 4,704 Bor 5,498 5,864 6,231 6,597 6,063 7,330 8,063 
cf 7k | 143 2 4555 4,935 5,314 5,694 6,074 6,453 6,833 7,213 7,592 8,351 
a 72 | I5 30 4712 5,105 5,498 5,890 6,283 6,676 7,069 7,461 71854 8,639 
ial 
o 
: 73 | 154 35 4870 S275: 5,081 6,086 6,493 6,808 7,304 7,710 8,116 8,927 
& 3 16 32 5027 5,445 5,864 6,283 6,702 7,121 7,540 71959 8,378 9,215 
A 82 |; 16% 33 5184 5,615 6,048 6,479 6,912 71343 7,775 8,207 8,640 9,503 
8a° 7 34 5341 5,785 6,231 6,676 7,121 7,566 8,011 8,456 8,901 9,791 
82 | 173 35 5498 5,956 6,414 6,872 7,330 7,789 8,247 8,705 9,163 10,079 
9 18 36 5655 6,126 6,597 7,069 7,540 8,011 8,482 8,954 9,425 10,367 
| 98 184 37 5812 6,296 6,781 7,205 7,749 8,234 8,718 9,202 9,687 10,655 
9} 19 38 5969 6,466 6,064 7,401 7,959 8,456 8,054 9,451 9,948 10,943 
ot 194 39 6126 6,637 7,147 7,058 8,168 8,679 9,189 9,700 10,210 
10 20 40 6283 6,807 71330 7,854 8,378 8,901 91425 9,948 10,472 
roi | 20} = 45 6440 6,977 7,514 8,050 8,587 9,124 9,660 10,197 10,734 
BOF ai) 20 | 42 6597 cA 7,097 8,247 8,797 9,346 9,806 10,446 10,996 
ro} 21} 34 6754 Tesi 7,880 8,443 9,006 9,569 10,131 10,605 
AR 22 44 6912 7,487 8,063 8,639 9,215 9,791 10,367 10,043 
TI; | 225 45 7069 7,658 8,247 8,836 0,425 10,014 10,603 
| 
| 
rr% | 23 46 7226 7,828 8,430 9,032 9,634 10,235 10,839 Revolutions per msimate 
ERE |) “234 47 7383 7,998 8,613 9,228 9,844 10,459 
12 24 48 7540 8,168 8,797 9,425 10,053 10,681 2400 2600 
r2} 244 49 7607 8,338 8,980 9,621 10,263 10,903 
12} 25 50 7854 8,508 9,163 9,818 10,472 1200 I300 
122 254 51 8o1I 8,679 9,346 10,0i4 10,681 aa 600 650 
13 26 52 8168 8,849 9,529 10,210 10,891 I5t | 303 61 9,582 10,380 
133 264 53 8325 0,019 9,712 10,407 setsty gaul| eee 62 9,739 10,551 
13} 27 54 8482 9,180 9,806 10,603 153 | 313 63 9,806 10,721 
13% 274 55 8639 9,359 10,079 10,799 8 16 | 32 64 10,053 10,891 
o 
; q 
14 28 56 8797 9,530 10,263 10,906 @ | 164 | 323 | 65 10,210 
14} 284 57 8954 9,700 10,446 A | 163 | 33 66 10,367 
14} 29 58 QIII 9,870 10,629 16% | 333 | 67 10,524 
143 20% 59 9268 10,040 10,812 17 34 68 10,681 
I5 30 60 9425 10,210 10,996 174 | 344 69 10,839 
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TABLE 16.—DeEcIMAL EQUIVALENTS OF BINARY FRACTIONS TABLE 17.—DECIMAL gone ges oF OTHER THAN BINARY 
a—|.015625 RACTIONS 
4 . IS 
a! 
32 703125 - IN : |Near- - | Near- . Near- 
<2 2 Bip Mees - - Deci- 
ez | . 046875 Fr. pee est | Fr. eet est | Fr. me est Fr. ree est 
Sh = | 6635 a Nouta * | 64th - | 64th 64th 
oe 078 37 fz | 2 2 +2593 
3 I2 gz| .0313| se |_sz_| .0038] az | #& | -1739 29 
a ok 20) ce ar| 0323 Fr | .0052 fr | .1765 fy | .2609 
ee ©9375 15| .0333 sr | .0968 ts | 1785 fo | -2632| 
$a | - 199375 35| .0345 zy | .1000 rx | .1818 ts 2067) tt 
== -125 ze] -0357 gs | -1034 ®y | 1852 se 26 +2092 
Si — . 140625 z7| .0370 ye | -1053 Ten) 2O75|| 46 rr +2727 
23——_. 15625 ze| -0385 Se | - L072 zy | -1905 29 -2759 
Sana ces 8 gs| .0400 4 -I1rr| oe | | .1923 Ys .2778 
SE ees 73 za| .O417 ge | - 1154 ar | -1935 as . 2800 
1s Is ax| .0435 rv | -1176 5 .2000] 32 .2813| ar 
ea . 203125 g2| .OA55 8; | .1200 35 | .2069 % .2857 
ee as ar| .0476| & |4_| .1250) 4 | a | -2083 dr | «2903 
ei 234375 35] .0500 wr | -1290 vs | .2105 ty .2017 
x S le aoe wtg| -0526 — -1304 Yi 2nas 17 .2941 
. 17 eece ts| .0556 vs | -1333 #4 | .2174 Oy -2963| 4% 
GE |S ese4s ty| .0589 AS || exon ay_| :2188|) ay Yo | .3000 
5.28125 _te| .0625] ds | fy | .1379 3 | .2222 zs | 3043] 
a . 296875 tr} .0645 y | 2%A20)) ee seul 2258 vs | .3077 
is |.3125 ts| .0667 ay | .1481 gy | -2273 as 3103 
24 —| 328125 #5| .0690 30 1500 3 . 2308 T6 -3125| ws 
eos yz} -O714 rs | -1538 vo | -2333] %4 1s | .3158 
Tee | 343 Re 2 | .0740 Be .1563| gs | ty | -2353 2 .3182 
3 CE | 359375 dy| .0760] & ¥5 -1579 ze -2381 zs -3200 
8 -315 2s| 0800 ss | .1600 3s | .2400 2a 3214) 
$3— | 390625 rz| -0833 dr | -1613! xs | -2414 at .3226| 34 
DIST ES 62 ¥3| .c870 $ 1667 a -2500| ¢ $ E3333 
32 40025 - ua |S Aas, HB 3] a4 
27 | tr} -0909 29 -I724| 64 | ar +2560 Z +343 
5 ea 421875 ; 
16 |-4375 
re ba | 453225 13| .3448 41 | .4zoq] | ag | -5161] #8 4 +5862 
32_____|- 46875 fs| .3462 fe | .42tt| %% | 4§ | .5172 % | .5882 
31 484375 #,| .3478 4% || 4230 a7 | -5185 23 -5909 
1 e tie 2o| -3500 2 - 4286 2g -5200 ES +5926 
; 33 toes ¥7| -3529 36 | -4333 330 «5217 a 5038ln ee 
64 - 515625 42) .3548 49 | 14348 3} | .5238 : .6000 
32 Se) Yr} .3571 Ye_| -4375| ze | is | -5263 44 6071) 
6a | - 540875 %s| .3600| 8 | 2% | .4400 v7 | .5204 23 .6087| 8% 
i6 5625 rr| +3636 $ | .4444| _|_ 3% | -5313) 3 4 O1II 
. st. | eng 33| -3067|__| 28 | .4483 | ys | -5333 af 6129 
10 ~© yi Ye| .3684 3 | .4500 ES 85357 fs =| .6154 
a2. 59375 32) .3704 4% | .4516| 8% | xe | -5385 33 -6190 
64__|.609375 || .3750| 3 | ok | cd5a5 e: | 5427 18 | (6207 
Boe 625 33| .3793 3i | .4583 vr | -5455| 2% Hi .6250| § 
41__| 6406 #r| -3810 ts | -4615 af | .5484 at -6206 
: ADCUES i 13 Ww 12 
32 65625 Ys} -3846 28 | -4042 28 | .5500 33-6300 aaa 
ce) Pale By 3° a7| .3871 vs | .4667 38 | .5517 Be -6333 
ae 4 |.O71675 ¥5| .3880 45) .4688| 4 | § -5556 rt -6364 
ae 45 OTs $s| .3913) 3% ty | -4706 28 | .5600 < 38 .6400| 43 
64 | - 703125 2a| -3929 te | -4737| ye_| -5625| ie as -6429 i 
ed 71875 2 | .4000 4° | 14762 BS so 32 «| 16452 
Agee -33| .4063) 33 | 33 | .4783 45 | .5667 i 6471 
A 4 _|-734375 at) 4074 12 | .4800 4 5714 33 6500 
a 75° 3:| .4001 42 | .4815 28 | S709) 28 6522 
$2 — | 765625 %| .4118|___| 48 | -4828] $4 | $4 | 5780] @: | 3% | 16538 
- 36 | -4138 34 | -4839) 4% | «5806 38 .6552 
Ye} +4167 3 -§000) 3 | re | -5833 B .6563| 3 
13 | ———, 
16 ; 
2 | .6667| 4 | 3 17500\ 4) & 8334 33 -9130 
3t| -0774 88 | .7586 at | .8387 1} 9167 
32| .6786 ae - 7600 a .8400 ge .9200 
7 47) .6800 36 | .7610 1g | .8421 32 .9231| 8% 
28 4 27 mf 
8 35| .6818 43 | .7647| %% |_32 | .8438) #4 3% | 9259 
$B) -O8d2) ot Bea) e70Ck 13 | .8462 ii | .9286 
at -6875| i t3 -7692 2g Seon) = 2g 9310 
7 ae ze SET | Be 8510 Hd 9333 
15 9 - 6923 |———_ Ze ©7742 7 8 
Ya 3 25 | .8571 9355 
a 3g) +0957 | or7m8) 4 | 4, ees) ae ee 
HAl| OSES Gee eS) a 33 | .8636 iF .9412 
3g| 7037) t | 38 | 7826 28 | 8667 48 | .o444 
33] +7059 fe es. /7) Se a OG 18 9474 
ra -7083 i$ - 7895 .8710 u 20 -9500 
4g | -7O97| 1 Pe WN TOTTN a8 ot 87Ke 8 | .o524] 84 
§ | .7143| 0) $8 | .7931| 82 | 18 | “ge05 a ere 
mes -7188) 33 Ba . 8000 23 8824 23 (0565 
all ee ea) EOS 8 | .8846 #2 | 9583 
slip ese a3 | -8077 28 | .8880 #41 Geos 
ee | oS 13 | 8020] 8 | 28 | o6zs/——— 
Aes a | -8125) #8 | 3g | .8047 sh eee 
x8 - 7306} ar 2 .8148 as . 8966 27 9643 
T1| +7333) 23 8182) ae -9000 33 0655 
1a| -7308 a8 8214 3 WES Se 
is 14 19 +903 30 .9667 
44) 7301] | HF | 823s) | aE | “oogs a | (S673 
39) -7407) 23 .8261 33 .9063 29 ER -9688) 
$il_.7419! | 34 | 282761 $2 13871 .ooo1 TEE nwa 


MATHEMATICAL TABLES 469 


TABLE 18.—DECIMAL EQUIVALENTS OF OTHER THAN BINARY TABLE 19.—SURFACES AND VOLUMES OF SpHERES—(Continued) 
FRACTIONS. (From Trautwine’s Civil Engineers Pocket-Book) 
Thirds, sixths, twelfths and| Sevenths, fourteenths and o cae z ee GR : oh s . 
twenty-fourths twenty-eighths g ms Sa gS E @ ce aS & é oe E # 
i= We en} Ta at 8, = pa Fi Xt! 6. 
Boece ceceee ss 041666 | sy... 035714 Oo A# | aS tale Boe Siti) Socal alee 
‘ed 1 
ao _ a ae ae Nes ee Raat ws | 51.848 | 35.106|| } | 415.48 | 796.33|| #% | 1369.0 | 4763.0 
a as roca). 260606 PrP 7, Wien Ot ee ol oe as A24.50.| 822,68 |)4t- | 2385-8 48402 S 
é é is 55.089 | 38.448 t 433.73 | 849.40 $ 1402.0 | 4936.2 
a Rs es . 208333 38": 178571 4 56.745 | 40.195|| +4 | 443.01 | 876.79|| ¢ 1418.6 | 5024.3 
SAC ioc oS ae a - 214286 # | 58.427 | 41.904||12- | 452-39 | 904.78]) @ | 1435.4 | 5TI3-5 
eee . 291666 ee 250 3 60.133 43.847 a 461.87 033-34 4 1452.2 5203.7 
ESE ee - 333333 arte . 285714 is 61.863 | 45.752 a 471.44 | 962.52 § 1469.2 | 5205.1 
at ~375 Dee: 321420 3 63.697 | AIR 713 ¢ 481.1I | 992.28 4 1486.2 | 5387.4 
sea = . 416666 | 3°z.. .357143 ty 65.397 | 49.729 , 490.87 |1022.7 t 1503.3 | 5480.8 
44... .458333 | $4... . 392857 § | 67.201 | 51.801 5 | 500.73 |1053-6 || 22- 1520.5 | 5575-3 
3/6. . 500 a) ie .428571 C) 69.030 | 53.929 4 510.71 |1085.3 $ 1537-9 | 5670.8 
ae 541666 | £8.. 464.286 i 70.883 | 56.116|| % | 520.77 |I117-5 a 1555-3 | 5767.6 
sae 583333 | rz-- 500 it 72.759 | 58.359]| 13> 530.93 |1150.3 3 1572.8 | 5865.2 
Te Go eRe eee .625 13 535714 t 74.663 | 60.663 t 541.19 |1183.8 3 1590.4 | 5964.1 
2/3 <1) ee edt 666666 4/7 571420 +4 76.589 | 63.026 4 551.55 |1218.0 4 1608.2 | 6064.1 
4H. 708333 ra 607143 5. 78.540 | 65.450 3 562.00 |1252.7 nM 1626.0 | 6165.2 
zor au is 80.516 | 67.935 4 | 572.55 |1288.3 t 1643.9 | 6267.3 
13: 5° TE 642857 82.516 82|| § | 58 166 6370.6 
38. 791666 | #2... “678571 2 5 70.482 § 583.20 |1324.4 || 23- 1.9 370. 
GME MR ast sti 835539 5/7. . 714286 a2 ye Sail lnooacre i 50508) Esha? : ei 
a ue 7 rd 86.50X | 7S. 707 t 604.80 |1398.6 3 1698.2 | 6580.6 
Pee fan : ae 28 ee is 88.664 | 78.505|| 14. 615.75 |1436.8 FY 1716.5 | 6687.3 
fea EOt 1g-- “afk 5714 3 90.763 | 81.308 4 626.80 |1475.6 z 1735.0 | 6795.2 
+ So .958333 | ts--- .821429 is 92.887 | 84.178 } 637.95 |I515.1 g 1753.5 | 6904.2 
i 1.000 6/7.. 857143 4 | 95.033 | 87.113|| $ | 649.17 |1555-3 a | 1772.1 | 7014.3 
23. .892857 ts 97.205 | 90.118 Py 660.52 |1596.3 Z 1790.8 | 7125.6 
43. .928571 § | 99.401 | 93.180|| § | 671.95 |1637-9 || 24- 1809.6 | 7238.2 
2. .964286 is 101.62 | 96.331 2 | 683.49 |1680.3 $ 1828.5 | 7351.9 
Pos I.000 2 103.87 | 99.541 $ 695.13 |1723-3 t 1847.5 | 7466.7 
BR 106.14 | 102.82]| 15. 706.85 |1767.2 3 1866.6 | 7583.0 
TABLE 19.—SURFACES AND VOLUMES OF SPHERES 4 | 108.44) 106.28 || f || 918-00" /28E ko] 3 | 1885.8 | 7700.1 
Ba] I10.75 | 109.60 t 730.63 |1857.9 g I905.1I | 7818.6 
(From Trautwine’s Civil Engineers Pocket-Book) 6. 03.0) errs. LO 3 742.65 |1903.0 ry 1924.4 | 7938.3 
= : : - t 117.87 | 120.3 3 754.77 |1949.8 t 1943.9 | 8059.2 
A Sa | 24 : 2a 2 4 ; og va t 122.72 | 127.83 $ 767.00 |1997-4 ||25- 1963.5 | 8181.3 
gl € 5 s-= || & 4| ¢€ 5 gs cea = 5 aa 3 | 127.68 | 135.66|| 2% | 779.32 |2045-7 4 | 1983.2 | 8304.7 
ey. Sa | Bala eo. os A Be aa ae iS 8 3 132.73 | 143.79 t 791.73 |2004.8 t 2002.9 | 8429.2 
: : 3 137.89 | 152.25|| 16. 804.25 |2144.7 3 2022.9 | 8554.9 
tz fe 00077! \| oy 4.2000 | .80939|| 3% 17.258 6.7412 3 143.14 | 161.03 4 816.85 [2195.3 4 2042.8 | 8682.0 
as 00307, .00002) is 4.4301 | .87681 3 17.721 7.0144 z 148.49 | 170.14 + 820.57 |2246.8 & 2062.9 | 8810.3 
a 00690] .00005| sx | 4.6664 | .94786 33 | 18.190 | 7.2049 7. 153.94 | 179.59|| % | 842.40 |2299.1 3 2083.0 | 8939.9 
ts 01227| .00013| 3 4.9088 |1.0227 is 18.666 7.5829 Pe 159.49 | 189.39 4 855720) 23525 t 2103.4 | 9070.6 
wr 02761| .coo43|| 3s 5.1573 |I-1013 3 19.147 7.8783 4 165.13 | 199.53 £ 868.31 |2406.0 || 26. 2123.7 | 9202.8 
t 04909) oo102|| ss 5.4119 |1.1839 4 19.635 8.1813 3 170.87 | 210.03 3 881.42 |2460.6 *; 2144.2 | 9336.2 
gs 07670| .00200 || % 5.6728 |1.2704 35 20.129 8.4919 z 176.71 | 220.89 Z 894.63 |2516.1 i 2164.7 | 9470.8 
3s | .11045| .00345|| # 5.9396 |1.3611 ts 20.629 | 8.8103 § 182.66 | 232.13]|17- 907.93 |2572-4 Fi 2185.5 | 9606.7 
ar 15033| .00548|| 34 6.2126 |1.4561 3 20.235 9.1366 3 188.69 | 243.73 3 921.33 |2629.6 $ 2206.2 | 9744.0 
2 19635| .00818|| i 6.4919 |1.5553 § 21.648 9.4708 q 194.83 | 255.72 3 934.83 |2687.6 § 2227.1 | 9882.5 
aa 24851| .O1165|| 3% 6.7771 |1.6590 Ee 22.166 | 9.8131 8. 201.06 | 268.08 g 948.43 |2746.5 3 2248.0 |10022 
vs 30680) .01598 5 7.0686 |1.7671 at 22.691 | 10.164 t 207.39 | 280.85 $ 962.12 |2806.2 t 2269.1 |10164 
ry 37123| -02127}| ET 7.3663 |1.8799 33 23.222 | 10.522 a 213.82 | 204.01 fs 075.91 |2866.8 || 27. 2290.2 |10306 
3 44179] .02761]| ry 7.6609 |1.9974 3 23.758 | 10.880 zt 220.36 | 307.58 $ 989.80 |2928.2 $ 2311.5 |10450 
8B 51848| .O3511 B 7.9798 |2.1196 BS 24.302 | I1.265 3 226.98 | 321.56 % |1003.8 |2990.5 3 2332.8 |10595 
Ve 60132} .04385)| 3 8.2057 |2.2468 33 24.850 | 11.649 3 233-71 | 335-95|| 18- I0I7.9 |3053.6 3 2354.3 |10741 
es 69028} .05303 | # 8.6180 |2.3789 w 25.405 | 12.041 2 240.53 | 350.77 FLORA ek ew sits $ 2375.8 |10889 
3 78540| .06545|| 48 8.9461 |2.5161 z 25.967 | 12.443 q 247.45 | 366.02 2 [1046.4 |3182.6 § 2397.5 \11038 
# 88664| .07850 3 9.2805 |2.6586 B 26.535 | 12.853 9. 254.47 | 381.70 g |1060.8 |3248.5 3 2419.2 |I1189 
ss 99403) -09319 3 9.6211 |2.8062 BR 27.109 | 13.272 3 261.59 | 397.83  |TO7VS 2° NN SStSi.3 $ 2441.1 |I1341 
Psy T.1075 .10960|| #3 9.9678 |2.9592 B 27.688 | 13.700 4 268.81 | 414.41 £ |1089.8 |3382.9 28. 2463.0 |11494 
g he 2272) 12783 a Tote Set es ve ae 28.274 | 14.137 3 276,12 | 43%.44 3 |1104.5 |3451.5 $ 2485.1 |11649 
B 1.3530 | -14798 8 10.680 |3.2818 ds 29.465 | 15.039 4 283.53 | 448.92 % |1I1I9.3 |3521.0 3 2507.2 |11805 
% 1.4849 | .17014 % |11.044 |3-4514 4 30.680 | 15.979 8 291.04 | 466.87]|| 19. HUSA Soon: 3 2529.5 |11962 
B 1.6230 | -19442|| #% |11.416 3.6270 ps 31.919 | 16.957 g 298.65 | 485.31 2 |r149.1 |3662.8 3 2551.8 \E2ter 
3 1.7671 | .22089|| 48 |11.793 |3-8083 t 33.183 | 17.974 t 306.36 | 504.21 4 [1164.2 |3735.0 $ 2574.3 |12281 
ea 1.9175 | .24967|| # [12-177 |3-9956 vs | 34.472 | 19.031 10 314.16 | 523.60 } [1179.3 [3808.2 t 2596.7 |12443 
3 2.0739 | .28084])| 2- 12.506 |4.1888 t 35.784 | 20.129 Py 322.06 | 543.48 } |1194.6 |3882.5 $ 2619.4 |12606 
a 2.2365 | .31451|| a |12.962 |4 3882 is 37.122) 205208 t 330.06 | 563.86 § |1210.0 |3957.6 || 29. 2642.1 |12770 
$ 2.4053 35077|| ws |13-364 |4-5939 3 38.484 | 22.449 3 338.16 | 584.74 { (1225.4 |4033.7 g 2665.0 |12936 
Rea 2.5802 | .38071|| ss [13-772 |4 8060 te 39.872 | 23.674 4 346.36 | 606.13 % |r241.0 |4r10.8 4 2687.8 |13103 
1g 2.7611 | .43143 % 114.186 |5.0243 § 41.283 | 24.942 § 354-66 | 628.04]| 20. 1256.7 |4188.8 8 2710.9 |13272 
B 2.9483 | .47603|| #2 |14.607 |5-2493 ca 42.719 | 26.254 Fy 363.05 | 650.46 # [1272.4 [4267.8 2 2734.0 |13442 
oe 3.1416 | .52360|| ss [15.033 |5-4809 t 44.179 | 27.611 4 371.54 | 673.42 } (1288.3 |4347.8 3 2757.3 |13614 
ay 3.3410 | .57424 aa 15.466 |5-7190 aad 45.664 | 29.016 is. 380.13 | 696.91 2 |1304.2 14428.8 | 2 2780.5 |13787 
ds 3.5406 | .62804 2 |15.904 |5.9641 t 7.173 | 30.466 $ 388.83 | 720.95 zy [1320.3 |4510.9 5 2804.0 | 13961 
& 3.7583 | .68511|| fs [16.349 |6.216r ry 48.708 | 31.965 t 397-61 | 745-51 $ [1336.4 |4593.9 ||30 2827.4 |14137 
PY 3.9761 | -74551|| vs [16.800 |6.4751 |\4- 50.265 | 33.510 3 406.49 | 770.64 % ,|1352.7 14677.9 


} 
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TABLE 20.—SQuaREs, CuBES, SQUARE Roots, CuBE Roots, REcIPROCALS, CIRCUMFERENCES AND CIRCULAR AREAS 


—— 


| Gu. 1000X No. = Dia. Sq. Cu. 1000 X No. = Dia. 
No.| Square | Cube Sq. root oak ee Raat ee No. | Square Cube Pete ete Pens Geen Nea 
I I I I.0000 |r.0000| 1000.000 3.142} 7854 70| 4900 343,000 |8.3666 {4.1213 14.2857 219.91} 3848.45 
2| 4 8 |r.4142 |1.2599] 500.000 6.283) 3.1416 71} 5041 357,911 |8.4261 |4.1408 14.0845] 223.05] 3959.19 
3 9 27 L7s2t |t-4429) § 333.333 9.524 7.0686 72| 5184 373,248 |8.4853 |4.1602 13.8880 220.19] 4071.50 
4| 16 64 {2.0000 |t.5874| 250.000 12.566 12.5664 73| 5329 389,017 |8.5440 |4.1793 13.6986] 229.34] 4185.39 
5 25 I25 |2.2361 |t.7100] 200.000 15.708 I9.6350 74| 5476 405,224 |8.6023 |4.1983 13.5135] 232.48] 4300.84 
6 36 216 |2.44095 |1.8171 166.667 18.850 28.2743 75| 5625 421,875 |8.6603 |4.2172 £23336 235.62} 4417.86 
7 49 343 |2.6458 |1.9120| 142.857 21.091 38.4845 76| 5776 438,976 |8.7178 |4.2358 13.1579] 238.76] 4536.46 
8 64 512 |2.8284 |2.0000] 125.000 25.133 50.2655 77| 5929 456,533 |8.7750 |4.2543 12.9870] 241.90] 4656.63 
9 81 729 |3.0000 |2.0801] r11r.411 28.274 63.6173 78| 6084 474,552 |8.8318 |4.2727 12.8205} 245.04] 4778.36 
10] 100 I,000 |3.1623 |2.1544|} 100.000 31.416 78.5398 79| 6241 493,039 /|8.8882 |4.2908 12.6582] 248.19] 4901.67 
Tvl . FoF I,33I |3.3166 |2.2240 90.9001] 34.558 95.0332 80] 6400 512,000 |8.9443 |4.3089 I2.5000| - 251.33] 5026.55 
I2} 144 1,728 |3.4641 |2.28094 83.3333] 37.699] 113.007 81] 6561 531,441 |9.0000 |4.3267 12.3457 254.47| 5153.00 
13| 169 2,197 13.6056 |2.3513] 76.9231] 40.841] 132.732 82) 6724 551,368 |9.0554 |4.3445 12.1951} 257.61| 5281.02 
14} 106 2,744 13.7417 |2.4101 71.4286] 43.982! 153.938 83] 6880 571,787 |9.1104 |4.3621 12.0482| 260.75] 5410.61 
I5| 225 3:375 |3.8730 |2.4662 66.6667| 47.124] 176.715 84] 7056 592,704 |9.1652 |4.3795 II-9048| 263.89/ 5541.77 
I6| 256 4,006 |4.0000 |2.5108 62.5000] 50.265] 201.062 85| 7225 614,125 |9.2195 14.3068 II.7647| 267.04] 5674.50 
17| 289 4,913 [4.1231 [2.5713 58.8235] 53.407] 226.980 86] 7306 636,056 [9.2736 |4.4140 II.6279| 270.18} 5808.80 
18] 324 5,832 14.2426 |2.6207 55-5556} 56.540] 254.460 87| 7560 658,503 |9.3274 |4.4310 II.4943} 273.32] 5944.68 
I9| 361 6,859 |4.3589 |2.6684] 52.6316] 59.690] 283.520 88) 7744 681,472 [9.3808 |4.4480 II.3636| 276.46} 6082.12 
20; 400 8,000 |4.4721 |2.7144 50.0000] 62.832] 314.159 89] 7921 704,969 |9.4340 |4.4647 II.2360/ 279.60) 6221.14 
21} 441 9,261 14.5826 |2.7580 47.6190] 65.0973] 346.361 90] 8100 729,000 |9.4868 |4.4814 IE.4rIr| 282.74) 6365.73 
22) 484 10,648 {14.6904 |2.8020 45-4545| 69.115} 380.133 OI} 8281 753,571 |9.5394 |4.4979 10.9890 285.88} 6503.88 
23) 520 12,167 14.7958 |2.8430] 43.4783} 72.257] 415.476 92! 8464 778,088 |9.5017 |4.5144 10.8696} 289.03} 6647.61 
24| 576 13,824 |4.8990 |2.8845 41.6667| 75.398] 452.3890 93} 8649 804,357 |9.6437 |4.5307 10.7527/| 292.17| 6792.05 
25| 625 15,625 |5.0000 |2.9240) 40.0000] 78.540 490.874 94} 8836 830,584 |0.6054 |4.5468 10.6383) 295.31] 6939.78 
26| 676 17,576 |5.0990 |2.9625 38.4615} 81.681] 530.920 95} 9025 857,375 |9.7468 |4.5620 10.5263 208.45} 7088.22 
27|\| 720 19,683 |5.1962 |3.0000 37.0370| 847823] 572.555 96] 9216 884,736 |9.7980 |4.5780 10.4167] 301.59] 7238.23 
28; 784 21,952 |5.2015 |3.0366 35.7143] 87.0965| 615.752 97| 9409 912,673 |9.8489 |4.5047 10.3093] 304.73] 7389.81 
29) 841 24,389 |5.3852 |3.0723 34.4828] 91.106] 660.520 98) 9604 941,192 |9.8095 |4.6104 10.2041] 307.88] 7542.96 
30] 900 27,000 |5.4772 |3.1072 33-3333] 94.248] 706.858 99] o80r 970,209 |9.9499 |4.6261 IO.10IO| 311.02] 7697.69 
3I| 961 29,791 |5.5678 |3.1414 32.2581] 97.389] 754.768 100] 10,000 I,000,000/10.0000/4.6416|] 10.0000 314.16 7,853.98 
32| 1024 32,768 |5.6569 |3.1748 31.2500] 100.531] 804.248 IOI] 10,201 1,030,301) 10. 0499|4.6570 9.90099 | 317.30 8,011.85 
33} 1089 35,937 15.7446 |3.2075 30.3030} 103.673] 855.299 I02| 10,404 1,061,208|10.0995]4.6723 9.80392 | 320.44 8,171.28 
34| 1156 39,304 |5.8310 |3.2306 290.4118| 106.814] 907.920 103] 10,609 1,092,727|10. 1489|4.6875 9.70874 | 323.58 8,332.29 
35| 1225 42,875 SOLE |3..27"x 28.5714| 109.956] 962.113 104! 10,816 I,124,864/10. 1980|4.7027 9.61538 326.73 8,494.87 
36) 1206 46,656 |6.0000 |3.3010 27.7778| 113.097] 1017.88 I05| 11,025 I,157,625|10.2470|4.7177 9.52381 | 320.87 8,659.01 
37| 1369 50,653 |6.0828 |3.3322 27.0270] 116.239] 1075.21 106} 11,236 I,I91,016/10. 2956|4.7326 9.43396 | 333.01 8,824.73 
38] 1444 54,872 |6.1644 |3.3620 26.3158] 119.381] 1134.11 I07| I1,449 T,225,043|/10.3441/4.7475| 9.34579 | 336. I5 8,092.02 
39] I521 59,319 [6.2450 |3.3912 25.6410] 122.522] 1194.59 108| 11,664 1,259,712/10.3023]4.7622| 9.25926 339.20 9,160.88 
40| 1600 64,000 |6.3246 |3.4200 25.0000] 125.66 | 1256.64 109) 11,881 1,295,029|10.4403/4.7769| 9.17431 | 342.43 9,331.32 
4I| 1681 68,021 |6.4031 |3.4482 24.3902| 128.81 | 1320.25 IIO} 12,10Cc 1,331,000) £0. 4881/4.7914 9.09001 | 345.58 9,503.32 
42| 1764 74,088 |6.4807 |3.4760 23.8095) 131.95 | 1385.44 Ei bees 1,367,631/10.5357/4.8050 9.00901 | 348.72 9,676.89 
43] 1849 79,507 |6.5574 |3.5034 23.2558| 135.09 | 1452.20 Ii2} 12,544 I,404,928|10.5830/4.8203 8.92857 | 351.86 9,852.03 
44| 1936 85,184 |6.6332 |3.5303 22.7273) 138.23 | 1520.53 II3| 12,769 1,442,807|10.6301/4.8346 8.84956 | 355.00 10,028.7 
45| 2025 91,125 |6.7082 |3.5560 22.2222! I41.37 | 1590.43 II4| 12,9906 1,481,544|10.6771/4.8488 8.77193 | 358.14 | 10,207.0 
46| 2116 97,336 |6.7823 13.5830 21.7391| 144.51 | 1661.90 LES) 13,225 1,520,875|10.7238/4.8620] 8.60565 | 361.28 10,386.9 
47| 2209 103,823 |6.8557 |3.6088 21.2766] 147.65 | 1734.94 116} 13,456 I,560,896|/10.7703/4.8776 8.62069 | 364.42 10,568 .3 
48| 2304 110,502 |6.9282 |3.6342 20.8333] 150.80 | 1809.56 II7| 13,689 1,601,613/10.8167/4.8910 8.54701 | 367.57 10,751.3 
49| 2401 117,649 |7.0000 |3.6593 20.4082] 153.94 | 1885.74 118} 13,924 1,643,032|/10.8628|4.9040 8.47458 | 370.71 | 10,935.90 
50| 2500 125,000 7.0711 |3.6840 20.0000] 157.08 1963.50 IIQ| 14,161 1,685,159|10. 9087 4.9187] 8.40336 B7Bmo I1I,122.0 
51| 2601 I32,65I |7.1414 3.7084 19.6078] 160.22 | 2042.82 120] 14,400 1,728,000] 10.9545 4.9324} 8.33333 | 376.90 11,309.7 
52| 2704 140,608 |7.2111 |3.7325 I9.2308| 163.36 | 2123.72 I2I} 14,641 I,771,561/£T. 0000/4. 9461 8.26446 | 380.13 II,499.0 
53| 2800 148,877 |7.2801 |3.7563 18.8679] 166.50 | 2206.18 122} 14,884 I,815,848|11.0454/4.9507 8.19672 | 383.27 | 11,689.90 
54| 2916 157,464 7-3485 13.7708 18.5185] 169.65 | 2200.22 228 15,020 I,860,867/11. 0905 4.9732] 8.13008 386.42 | 11,882.3 
55) 3025 166,375 |7.4162 |3.8030 18.1818] 172.79 2375.83 124| 15,376 1,906,624|II.1355/4.9866 8.06452 | 380.56 12,076.3 
56] 3136 175,616 |7.4833 |3.8259 17.8571] 175.93 | 2463.01 I25| 15,625 1,953,125/11.1803/5.0000] 8.00000 392.70 | 12,2071.8 
57| 3249 185,103 |7.5408 |3.8485 17.5439] 179.07 | 2551.76 126] 15,876 2,000,376/I1. 2250/5.0133] 7.93651 395.84 | 12,469.0 
58] 3364 195,112 |7.6158 |3.8709 17.2414] 182.21 | 2642.08 127| 16,120 2,048,383/11.2604|5.0265 7.87402 | 398.08 12,667.7 
59] 3481 205,379 7.6811 |3.8930 16.9492] 185.35 2733.97 128] 16,384 2,097,152|I1.3137/5.0307 7.81250 | 402.12 12,868.0 
60] 3600 216,000 |7.7460 |3.9140 16.6667) 188.50 2827.43 129] 16,641 2,146,689/11.3578|5.0528 7.75194 | 405.27 | 13,060.8 
61] 3721 226,081 |7.8102 |3.9365 16.3934] 191.64 | 2022.47 I30] 16,900 2,197,000/11.4018|5.0658] 7.69231 | 408.41 I3,273.2 
62] 3844 238,328 7-8740 |3.9579 16.1290] 194.78 3019.07 130) 27,760 2,248,001|I1.4455/5 0788} 7.633590 411.55 | 13,478.2 
63) 3969 250,047 |7.9373 |3.97901 15.8730] 107.92 | 3117.25 132] 17,424 2,299,968|11.4891/5.0916] 7.57576 | 414.69 I3,684.8 
64] 4006 262,144 |8.0000 |4.0000| 15.6250) 201.06 3216.99 133] 17,689 2,352,037|/I1.5326/5 1045; 7.51880 | 417.83 13,892.9 
65] 4225 274,625 |8.0623 |\4.0207 15.3846] 204.20 | 3318 31 134] 17,956 2,406,104/11.5758]|5 1172] 7.46269 | 420.97 I4,102.6 
66) 4356 287,406 |8.1240 |4.0412 IS-I515| 207.35 | 3421.19 135] 18,225 2,460,375 I1.6190/5. 1209 7.40741 | 424.12 | 14,313.09 
67| 4489 300,763 |8.1854 |4.0615 14.9254] 210.49 | 3525.65 136] 18,496 2,515,456, 11.6619|5.1426 7.35294 | 427.26 | 14,526.7 
oe ote oe ee ee nee 213.63 | 3631.68 137/ 18,769) 2,571,353/11.7047/5.1551| 7.20927 | 430.40 I4,741.1 
) , Zhe . | 14.4928] 216.77 | 3730.28 138] 10,044 2,628,072/11.7473/5.1676 7-24638 | 433.54 | 14,057.1 
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No. | Square Cube a SS zoey 5 Noe No. | Square Cube Sa 2 | 7000 < — Noes 
root root recip. Circum. Area root root recip. Cireum. Area 
139| 10,321 2,685,619 11.7898|5.1801| 7.19424 436.68 TSU Aaa 208| 43,264 8,998,912/14.4222|5.9250 4.80769 | 653-45 | 33:979-5 
I40| 19,600 2,744,000)11.8322|5.1925| 7.14286 | 439.82 15,393.8 209) 43,681 09,120,329|14.4568|5.9345| 4.78469 656.59 | 34,307.0 
I4i| 19,881 2,803,221|/11.8743|5.2048] 7.09220 | 442.06 15,014.5 210} 44,100 9,261,000|14.4014|5-9439] 4.76190 659.73 | 34,636.1 
142| 20,164 2,863,288|11.0164/5.2171| 7.04255 | 446.11 | 15,836.8 att) 44,521]  9,393,031/14.5258|5-9533| 4-73934 662.88 | 34,966.7 
143] 20,449 2,924,207|/11.9583|5.2203| 6.90301 | 449.25 16,060.6 212) 44,944 9,528,128|14.5602/5.9627 4.71698 | 666.02 | 35,298.9 
144| 20,736 2,085,984|12.0000/5.2415| 6.04444 | 452.39 | 16,286.0 213| 45,369|  9,663,597|14-5945|5-9721| 4.69484 669.16 | 35,632.7 
I45| 21,025 3,048,625|12.0416|5.2536| 6.80655 | 455-53 TOerseO: 214] 45,796 9,800,344|14.6287|5 .9814 4.67290 | 672.30 | 35,968.1 
146| 21,316 3,112,136 12.0830)5. 2656 6.84032 | 458.67 | 16,741.5 215| 46,225 9,938,375|14-6629)5 .9907 4.65116 | 675-44 | 36,305.0 
147| 21,600| 3,176,523|12.1244'5.2776| 6.80272 | 461.81 | 16,971.7 216| 46,656| 10,077,696|14.6969 6.0000] 4.62963 | 678.58 | 3,643.5 
148) 21,904 3,241,792|12.1655|5.2806| 6.75676 | 464.96 | 17,203.4 217| 47,089] 10,218,313|14.7309)6.0092| 4.60829 681.73 | 36,983-6 
I49| 22,201 3,307,949|12. 2066/5.3015| 6.71141 | 468.10 | 17,436.6 218| 47,524| 10,360,232|14.7648)6.0185] 4.58716 684.87 | 37,325-3 
I50| 22,500 3,375,000|12.2474/5-3133| 6.66667 | 471.2 7,071.5 219| 47,961) 10,503,459|14.7986 6.0277| 4.560621 | 688.01 | 37,668.5 
I51| 22,801 3,442,951|12. 2882|5.3251 6.62252 | 474.38 | 17,907.9 220} 48,400] 10,648,000 14.8324 6.0368 4.54545 | 691.15 | 38,013.3 
I52| 23,104 3,511,808|12.3288|5.3368| 6.57805 | 477.52 18,145.8 221| 48,841) 10,703,861|14.8661 6.0459 4.52489 | 694-29 | 38,359.6 
153| 23.409} 3,581,577|12:3693|8-3485| 6.53595 | 480.66 | 18,385.4 222| 49,284] 10,041,048/14.8997,6.0550| 4.50450 | 697-43 | 38,707.6 
I54| 23,716 3,652,264/12.4097|5.3601| 6.40351 | 483.81 | 18,626.5 223| 40,729| 11,089,567|14.9332 6.0641) 4.48431 | 700 58 | 30,057-I 
155| 24,025! 3,723,875 12.4499 5.3717| 6.45161 | 486.95 | 18,869.2 224| 50,176] 11,239,424 14.9666|6.0732 4.46429 | 703-72 | 39,408.1 
156| 24,336 3,706,416)12.4000|5. 3832] 6.41026 | 490.09 | I9,113.4 225| 50,625] 11,390,625|15.0000|6.0822| 4.44444 706.86 | 39,760.8 
I57| 24,649 3,860,803 12.5300 -3047 6.36043 | 493.23 | 19,359.3 226| 51,076| 11,543,176|15.0333|6-0912| 4.42478 | 710.00 | 40,115.0 
158| 24,964} 3,044,.312|12. 56085-4061 6.32911 | 406.37 | 19,606.7 227| 51,529] 11,697,083/15.0665 6.1002} 4.40529 713-14 | 40,470.8 
159| 25,281 4,019,679] 12.6005|5 +4175 6.28931 | 400.51 | 19,855.7 228| 51,084] 11,852,352|15.0097|6.10901 4.38596 | 716.28 | 40,828.1 
160) 25,600 4,096,000 12.6401 5.4288| 6.25000 | 502.65 20,106.2 229) 52,441| 12,008,980|15.1327 6.1180| 4.36681 | 719-42 | 41,187.1 
I61| 25,921 4,173,281|/12. 6886/5 .4401 6.21118 | 505.80 | 20,358.3 230| 52,900] 12,167,000 I5.1658/6.1269 4.34783 | 722-57 41,547.6 
162) 26,244 4,251,528 |12.7279 53-4514 6.17284 | 508.94 | 20,612.0 231} 53,361| 12,326,391|15.1987 6.1358] 4.32900 | 725-71 41,909.6 
163) 26,569 1 othe pea as 6.13497 | 512.08 | 20,867.2 232| 53,824| 12,487,168|15.2315|6.1446] 4.31034 | 728 85 | 42,273-3 
164) 26,896]  4,410,944|12.8062,5.4737| 6.00756 | 515.22 | 21,124.1 233| §4,280| 12,649,337|15-2643/6.1534| 4.29185 | 731-99 | 42,638.5 
165) 27,225 4,492,125 /12.8452)5-4848| 6.06061 | 518.36 | 21,382.5 234| 54,756| 12,812,904|15.2071|6.1622) 4.27350 | 735 13 | 43,005.3 
166| 27,556 4,574,206 12.8841/5-4050| 6.02410 | 521.50 | 21,642.4 235| 55,225] 12,977,.875|15.3297|6.1710| 4-25532 738-27 | 43,373.6 
167} 27,889|  4,657,463|12.9228|5.5069| 5.98802 | 524.65 | 21,904.0 236| 55,696] 13,144,256|15.3623/6.1797| 4-23729 | 741-42 | 43,743. 
168| 28,224 tog oir eae Waa 5.95238 | 527.79 | 22°167.1 237| 56,169] 13,312,053|15-3948|6.1885| 4.21941 | 744 56 | 44,115.0 
160} 28,561 4,826,809 13.0000/5-5288| 5.91716 | 530.93 22,431.8 238) 56,644] 13,481,272|15.4272|0.1972 4.20168 | 747.79 | 44,488.1 
170) 28,900 4,913,000 13.0384,5-5397 5.88235 | 534.07 | 22,698.0 230| 57,121| 13,651,919|15.4596 6.2058] 4.18410 | 750-84 | 44,862.7 
T71|° 29,241 5,000,211 13.07 7/5.5505| 5.84795 | 537-21 | 22,065.8 240| 57,600] 13,824,000)15.4919 6.2145| 4.16667 | 753 98 | 45,238.9 
172} 29,584 5,088,448 13.1149/5-5613| 5.81395 | 540-35 | 23:235.2 241| 58,081| 13,997,521|15-5242 6.2231] 4.149038 | 757-12 | 45,616.7 
173| 29,929}  5.177,717|13-1529/5-5721| 5.78035 | 543-50 | 23,500.2 242| 58,564] 14,172,488,15.55636.2317| 4.13223 | 760.27 | 45,990.1 
174| 30,276 5,268,024 13.1909.5-5828] 5.74713 | 546-64 | 23,778.7 243} 59,049] 14,348,907|15.5885/6.2403| 4.11523 763-41 | 46,377.0 
175 30625 5,359:375 13-2288 5-5934| 5.71429 | 549.78 24,052.8 244) 59,536] 14,526,784 15.6205 6.2488} 4.09836 | 766.55 | 46,759-5 
176| 30,976 5,451,770, 13.2665,5-6041| 5.68182 | 552.92 24,328.5 245| 60,025| 14,706,125 15.6525,6.2573| 4.08163 769.69 | 47,143.5 
I77| 31,329 5,545,233 /13-3041|5-6147 5.64972 | 556.06 | 24,605.7 246| 60,516| 14,886,936|15 .6844 6.2658| 4.06504 | 772-83 | 47,529.2 
178| 31,684 5,639»752|\13.3417|5 -6252| 5.61798 | 559.20 | 24,884.6 247| 61,000) 15,069,223 15.7162)6.2743| 4.04858 775-97 | 47,916.4 
179| 32.043| 5,7351339|13.3791|5-6357| 5.58659 | 562.35 25,164.9 248| 61,504] 15,252,992|15.7480/6.2828| 4.03226 | 779 12 | 48,305.1 
180} 32,400 5,832,000|\13.4164|5 -6462 5.55550 | 565.49 | 25,446.9 249| 62,001} 15,438,249|/15.7797 6.2912} 4.01606 | 782 26 | 48,605.5 
181) 32,761 5,929,741|13.4536 5.6567| 5.52486 | 568.63 | 25,730.4 250| 62,500] 15,625,000 I5.8114/6.2996| 4.00000 785.49 | 49,087.4 
182! 33,124 6,028,568|13.4907|5-6671| 5.49451 | 571.77 | 26,015.5 251| 63,001| 15,813,251|15.8430|6.3080 3.98406 | 788.54 | 49,480.9 
183) 33,489 6,128,487|13.5277|5-6774| 5.46448 | 574.91 26,302.2 252| 63,504] 16,003,008|/15.8745 6.3164| 3.96825 | 791 .68 | 40,875-9 
184| 33,856 6,229.504 13.5647|5-6877 5.43478 | 578.05 | 26,590.4 253| 64,009] 16,194,277|15.9060/6.3247| 3.95257 | 794 82 | 50,272.6 
185| 34,225 6,331,625 13.6015|/5-6980) 5.40541 | 581.19 | 26,880.3 254| 64,516| 16,387,064]15.9374|6.3330| 3.93701 | 797 96 | 50,670.7 
186| 34,596)  6,434,856|13.6382/5-7083 5.37634 | 584.34 | 27,171.6 255| 65,025| 16,581,375/15.9687|/6.3413| 3.92157 8or.II | 51,070.5 
187| 34,969. 6,539,203 |13.6748|5-7185 5.34759 | 587.48 | 27,464.6 256) 65,536| 16,777:216|16.0000.6.3496) 3.90625 804.25 | 51,471.9 
188) 35,344 6,644,672 13.7113 53-7287 5.31915 | 590.62 | 27,759.1 257| 66,049| 16,074,593|16.0312/6.3579| 3.89105 | 807.39 51,874.8 
x80 35,721 6,751,269 13.7477|5+7388 5.29101 | 503.76 | 28,055.2 258) 66,564} 17,173,512 16.0624|6.3661) 3.87597 810.53 | 52,279.2 
I90| 36,100) 6,859,000'13.7840\5-7489| 5.26316 | 596.90 28,352.9 250| 67,081} 17,373,979|16.0935|6.3743 3.86100 | 813.67 | 52,685.3 
191} 36,481) 6,967,871|13.8203|5-7590 5.23500 | 600.04 | 28,652.1 260| 67,600] 17,576,000|16.1245 6.3825| 3.84615 | 816.81 | 53,002.9 
192| 36,864)  7,077,888/13.8564|5-7690) 5.20833 603.19 | 28,052.9 2611 68,121] 17,779,581|16.1555|6.3907| 3.83142 | 819 96 | 53,502. 
I93| 37,249 7,189,057|13.8924|5-7790| 5S. 18135 | 606.33 | 29,255.3 262| 68,644| 17,984,728)16.1864 6.3988| 3.81679 | 823.19 | 53,912.9 
194| 37,636) 7,301,384 13.9284/5-7890 5.15464 | 609.47 | 29,559.2 263) 69,169] 18,191,447|16.2173 6.4070| 3.80228 | 826.24 | 54,325.2 
195| 38,025 7,414,875 |13.9642/5-7989| 5.12821 | 612.61 20,864.8 264| 69,696] 18,399,744|16.2481|6.4151 3.78788 | 829.38 | 54,739. 
196| 38,416 7,529,530|14.0000 5-8088| 5.10204 | 615.75 | 30,171.9 265| 70,225| 18,600,625 16.2788|6.4232| 3.77358 832.52 | 55,154-6 
197| 38,809 7,645,373 |14.0357|5-8186) 5.07614 | 618.89 30,480.5 266| 70,756| 18,821,096|/16.3095/6.4312) 3.75940 835.66 | 55,571.6 
198| 39,204 7,762,392|14.0712|5-8285| 5.05051 622.04 | 30,790.7 267| 71,280| 19,034,163/16.340I 6.4393] 3.74532 | 838-81 | 55,990.3 
199| 39,601 7,880,509 14.1067\5.8383| 5.02513 "625.18 | 31,102.6 268| 71,824] 19,248,832|16.3707|6-4473) 3.73134 841.95 | 56,410.4 
206} 40,000 8,000,000 14.1421|5.8480| 5.00000 628.32 | 31,415-9 269| 72,361) 19,465,109 16.4012|6.4553| 3-71747 845.09 | 56,832.2 
201| 40,401 8,120,601|14.1774 5.8578) 4.97512 631.46 | 31,730.99 270) 72,900) 19,683,000 16.4317|6.4633| 3.70370 848.23 | 57,255-5 
202| 40,804 8,242,408|14.2127 5.8675| 4.95050 634.60 | 32,047.4 271| 73,441| 19,902,511 16.4621|6.4713 3.69004 | 851.37 57,080.4 
203| 41,209 8,365,427, 14.2478|5-8771| 4.92611 | 637.74 32,305-5 272| 73,984] 20,123,648|16.4924|6.4792 3.67647 | 854.51 | 58,106.9 
204| 41,616 8,489,664)14. 2829 5.8868] 4.90196 | 640.89 | 32,685.1 273| 74,529| 20,346,417|16.5227/6.4872 3.66300 | 857.66 | 58,534-9 
205| 42,025 8,615,125 14.3178|5. 8964 4.87805 | 644.03 33,006.4 274| 75,076) 20,570,824/16.5529 6.4951| 3.64964 | 860.80 58,9064.6 
206] 42,436 8,741,816/14.3527|5-9059| 4.85437 | 647-17 | 33,329.2 275| 75,625| 20,796,875|16-5831/6.5030 3.63636 | 863.94 | 59,395-7 
207| 42,849) 8,860,743\14-3875'5-9155 4.83092 | 650.31 | 33,653-5 276| 76,176] 21,024,576 16.613216.5108! 3.62319 | 867 08 | 59,828.5 
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ae Gan lca. litrcon No. = Dia. Sa. Cu. roooX |. No, = Dia. 

No. | pasers a, root | root recip. | Circum. Area Nees cube root root recip. Circum. Area 
277, 76,729) 21,253,033|16.6433|6.5187| 3.61011 | 870.22 | 60,262.8 346| 110,716| 41,421,736|18.6011|7.0203| 2.89017 |1087.0 94,024. 
278 77,284| 21,484,952 /16 .6733/6.5265 3.59712 | 873.36 | 60,608.7 347,120,400) 41,781,923|18.6279|7.0271| 2.88184 |1090.1 94,569. 
279| 77,841\ 21,717,639|16.7033|/6.5343 3.58423 | 876.50 | 61,136.2 348) 121,104} 42,144,192/18.6548|7.0338| 2.87356 |1093.3 95,114. 
280! 74,400} 21,052,000/16.7332 6.5420)! 3.57143. | 870.65 |-62,575-2 349| 121,801} 42,508,549|18.6815|7.0406| 2.86533 |1096.4 95,662. 
281| 78,061 22,188,041|16.7631|6.54099 3.55872 | 882.79 | 62,015.8 350| 122,500] 42,875,000|18.7083|7.0473| 2.85714 |1099.6 96,211. 
282| 79,524; 22,425,768|16.7920/6.5577| 3.54610 | 885.93 | 62,458.0 351) 123,201} 43,243,551|18.7350/7.0540| 2.84900 |1102.7 96,761. 
283] 80,089} 22,665,187/16.8226|/6.5654| 3.53357 | 880.07 | 62,001.8 352/ 123,904) 43,614,208)18.7617|7.0607| 2.840901 |1105.8 97,314. 
284] 80,656} 22,006,304|16.8523/6.5731| 3.52113 | 892.21 | 63,347.1 353) 124,609} 43,986,077|18.7883|7.0674| 2.83286 |r1109.0 97,807. 
285| 81,255] 23,149,125 16.8819 6.5808 3.50877 | 895.35 | 63,794.0 354/ 125,316} 44,361,864|18.8140/7.0740| 2.82486 |1112.1 08,423. 
286| 81,706) 23,393,656|16.9115|6.5885] 3.49650 | 898.50 64,242.4 355|126,025| 44,738,875|18.8414|7.0807| 2.81690 |I115.3 98,979. 
287| 82,360] 23,639,903|16.9411|6.5062} 3.48432 | 901.64 | 64,602.5 356/ 126,736] 45,118,016/18.8680!/7.0873| 2.80809 |1118.4 99,538.2 
288) 82,044) 23,887,872|16.9706|6.6039] 3.47222 | 904.78 65,144.1 357| 127,449 45,499,293 18.8944 7.0940) 2.80112 |1i27 25 100,008 
280| 83,521) 24,137,569|17.0000/6.6115| 3.46021 | 907.92 | 65,507.2 358| 128,164] 45,882,712|18.9209|7.1006| 2.79330 |1124.7 100,660 
290} 84,100) 24,389,000|/17.0294|6.6191| 3.44828 | 911.06 | 66,052.0 359] 128,881] 46,268,279|18.9473/7.1072| 2.78552 |1127.8 I01I,223 
291) 84,681} 24,642,171|17.0587/6.6267| 3.43643 | 914-20 | 66,508.3 360| 129,600] 46,656,000|18.9737/7.1138] 2.77778 |1I31.0 101,788 
292| 85,264} 24,897,088/17.088016.6343| 3.42466 | 917.35 | 66,966.2 361| 130,321) 47,045,881|19.0000/7.1204] 2.77008 |1134.1 102,354 
293| 85,849] 25,153,757|17-11726.6419| 3.41207 | 920.49 | 67,425.6 362] 131,044] 47,437,928|19.0263]7.1260| 2.76243 |1137-3 102,022 
2904| 86,436 25,412,184|17.1464|6.6494 3-40136 | 923.63 | 67,886.7 363] 131,769] 47,832,147|19.0526/7.1335| 2.75482 |1140.4 103,491 
295| 87,025 25,672,375 17.1756 6.6569} 3.38083 | 926.77 | 68,349.3 364] 132,496] 48,228,544|19.0788/7.1400| 2.74725 |1143.5 104,062 
296| 87,616) 25,934,336|17.2047/6.6644| 3.37838 | 929.91 | 68,813.5 365) 133,225| 48,627,125|19.1050|/7.1466| 2.73973 |1146.7 104,635 
297| 88,200} 26,198,073|17.2337/6.67190| 3.36700 | 933.05 | 69,279.2 366| 133,056| 49,027,806|19.1311 7.1531| 2.73224 |1149.8 105,200 
208} 88,804] 26,463,592|17-2627/6.6794| 3.35570 | 936 I9 | 60,746.5 367| 134,680) 49,430,863)19.1572/7.1596| 2.72480 |1153.0 105,785 
299| 89,401| 26,730,800|17.2916|6.6869| 3.34448 | 939.34 | 70,215.4 368] 135,424| 49,836,032|19.1833/7.1661| 2.71739 |1156.1 106,362 
300} 90,000) 27,000,000 17-3205 6.6943 3-33333 | 942.48 | 70,685.8 369] 136,161} 50,243,409|19.2004|7.1726| 2.71003 |1159.2 106,041 
301) 90,601) 27,270,001|)17.3494/6.7018} 3.32226 945-62 | 71,157.9 370/ 136,900] 50,653,000|19.2354|7.1791| 2.70270 |1162.4 107,521 
302! 91,204) 27,543,608)17.37816.7092| 3.31126 | 948.76 | 71,631.5 371) 137,641} 51,064,811\19.2614/7.1855| 2.69542 |1165.5 108,103 
303} 91,8090) 27,818,127|17.4069'6.7166| 3.30033 | 951.90 | 72,106.6 372| 138,384] 51,478,848|19.2873|7.1920| 2.68817 |1168.7 108,687 
304| 92,416) 28,004,464/17.4356/6.7240| 3.28047 | 955.04 | 72,583.4 373] 139,129] 51,895,117|19.3132/7.1984| 2.68007 |1171.8 109,272 
305| 93,025) 28,372,625|17.4642/6.7313| 3.27869 | 958.10 73,061.7 374, 139,876] 52,313,624)19.3391 7.2048] 2.67380 \II75.0 109,858 
306} 93,636] 28,652,616/17.49296.7387| 3.267907 | 961 BRS | 7egilitety 375| 140,625] 52,734,375|19.3649|7.2112| 2.66667 |1178.1 110,447 
307| 94,249} 28,034,443/17.5214/6.7460} 3.25733 | 964.47 | 74,023.0 376) 141,376] 53,157,376|19.3907|7.2177| 2.65057 |1181.2 II1I,036 
308) 94,864) 29,218,112/17.5499|6.7533| 3.24675 | 967.61 | 74,506.0 377| 142,120} 53,582,633|19.4165|/7.2240| 2.65252 |1184.4 I11,628 
309| 95,481) 29,503,629 17.5784|6.7606| 3.23625 | 970.75 74,990.6 378] 142,884] 54,010,152|/19.4422/7.2304| 2.64550 |1187.5 112,221 
310) 96,100) 29,791,000/17.6068|6.7679] 3.22581 | 973.80 | 75,476.8 379| 143,641) 54,439,939|19.4670/7.2368| 2.63852 |1100.7 112,815 
311] 96,721) 30,080,231)/17.6352/6.7752| 3.21543 | 977.04 75,904.5 380| 144,400} 5§4,872,000)19.4036/7.2432| 2.63158 |1193.8 113,411 
312| 97,344) 30,371,328/17.6635/6.7824| 3.20513 | 980.18 | 76,453.8 381} 145,161] §5,306,341|19.5192/7.2495| 2.62467 |1196.9 114,009 
313] 97,069] 30,664,207|17.6018/6.7807 3.19489 | 983.32 | 76,044.7 382] 145,924] 55,742,968|19.5448/7.2558] 2.61780 |1200.1 I14,608 
314) 98,506] 30,059,144/17.7200|6.7960 3.18471 | 986.46 | 77,437.1 383] 146,680] 56,181,887|19.5704|7.2622] 2.61007 1203.2 115,209 
315] 99,225 31,255,875 17.7482 6.8041] 3.17460 | 989.60 | 77,031.1 384] 147,456) 56,623,104|19.50959/7.2685 2.60417 |1206.4 115,812 
316} 99,856) 31,554,496/17.7764|6.8113] 3.16456 | 992 74 | 78,426.7 385] 148,225] 57,066,625|19.6214/7.2748} 2.59740 |1209.5 116,416 
317| 100,489] 31,855,013/17 8045/6. 8185 3-15457 | 995.88 | 78,923.9 386] 148,006] 57,512,456/19.6469/7.2811| 2.59067 |1212.7 IT7,02% 
318] 101,124 32,157,432 17 .8326)6 8256 3.14465 | 999.03 | 79,422.6 387| 149,769] 57,960,603|19.6723/7.2874| 2.58308 |1215.8 117,628 
319] 101,761] 32,461,759,17.8606|6.8328] 3.13480 |1002.2 79,922.9 388} 150,544] 58,411,072/19.6077|7.2036| 2.57732 I218.9 118,237 
320) 102,400) 32,768,000/17.8885/6.8399| 3.12500 |1005.3 80,424.8 389] 151,321} 58,863,860|/19.7231|7.2999| 2.57069 |1221.1 118,847 
321| 103,041) 33,076,161|17.9165|6.8470| 3.11527 1008.5 80,928.2 390} 152,100) 59,319,000/19.7484|7.3061| 2.56410 |1225.2 119,459 
322| 103,684 33,386,248 17.9444 6.8541] 3.10559 |1011.8 81,433.2 391) 152,881] 59,776,471/19.7737/7.3124| 2.55755 1228.4 120,072 
323| 104,329) 33,608,267|/17.9722,6.8612] 3.09598 IOI4.7 81,939.8 392] 153,664] 60,236,288/19.7900|7.3186| 2.55102 L28 Tas, 120,687 
324] 104,976 34,012,224/18 0000/6. 8683 3.08642 |1017.9 82,448.0 393} 154,449] 60,698,457|19.8242/7.3248| 2.54453 1234.6 121,304 
325| 105,625) 34,328,125 18.0278 6.8753} 3.07692 |1021.0 82,057.7 394] 155,236] 61,162,984/19.8494|7.3310 2.53807 |)123728 121,922 
326) 106,276, 34,645,97618.0555 6.8824 3.06749 |1024.2 83,469.0 395] 156,025] 61,629,875|19.8746|7.3372| 2.53165 1240.9 122,542 
327|/ 106,929) 34,965,783 18.0831'6.8894| 3.05810 1027.3 83,981.8 396] 156,816] 62,099,136|19.80997/7.3434| 2.52525 1244.1 123,163 
328] 107,584 35,287,552 18.1108 6.8964 3.04878 |1030.4 84,4906.3 397| 157,609] 62,570,773|19.9249|7.3496| 2.51889 |1247.2 123,786 
329| 108,241} 35,611,289|/18.1384/6.9034| 3.03951 |1033.6 85,012.3 398| 158,404] 63,044,792/19.9499|7.3558| 2.51256 1250.4 124,410 
330} 108,900 35,937,000 18.1659 6.9104 3.03030 |1036.7 85,529.9 399| 150,201} 63,521,199|/19.9750|7.3619| 2.50627 E25 She15) 125,036 
331| 109,561} 36,264,691|18.1934,6.9174 3.02115 |1039.9 86,049.0 400] 160,000} 64,000,000|20.0000|7.3681| 2.50000 1256.6 125,664 
332) 110,224) 36,594,368 18.2209 6.9244 3.01205 |1043.0 86,569.7 401) 160,801] 64,481,201/20.0250|7.3742| 2.49377 |1250.8 126,293 
333] 110,889) 30,920,037|18 2483/6 .9313 3.00300 |1046.2 87,092.0 402) 161,604] 64,064,808/20.0499|7.3803| 2.48756 |1262.0 126,923 
334 IIL,5560. 37,259,704 18 .2757/6.9382 2.99401 |1049.3 87,615.9 403} 162,400] 65,450,827|/20.0749 7.3864] 2.48139 |1266.1 127,556 
335) I12,225| 37,595,375 18.303016.9451| 2.98507 1052.4 88,141 .3 404} 163,216] 65,030,264/20.0908}7.39025 2.47525 |1269.2 128,190 
336) 112,806) 37,933,056 18.3303/6.9521| 2.97610 1055.6 88,668.3 405| 164,025| 66,430,125|20.1246|7.3986 2.46914 |1272.3 128,825 
337| 113,569) 38,272,753 18.35766.9589| 2.96736 |1058.7 89,196.9 406] 164,836] 66,023,416|20.1494|7.4047| 2.46305 |1275.5 120,462 
338| 114,244) 38,614,472 18.3848 6.09658 2.95858 |1061.9 89,727.0 407| 165,649} 67,419,143|20.1742|7.4108| 2.45700 1278.6 130,100 
339, 114,921} 38,958,219 Ee ALO OL OTe 2.94985 |1065.0 90,258.7 408) 166,464] 67,917,312|20.1990 7.4169] 2.45008 |1281.8 130,741 
340) 115,600} 39,304,000/18.4391/6.9795| 2.94118 |1068.1 90,792.0 409| 167,281) 68,417,020|20.2237|7.4220| 2.44499 |1284.0 131,382 
341, 116,281) Sih es aoe eda 2.93255 |1071.3 91,326.9 410] 168,100] 68,921,000/20.2485]7.4290 2.43902 |1288.1 132,025 
342 116,964) 40,001,688 18.4932 6.9032} 2.92308 |1074.4 91,863 .3 411/ 168,921) 60,426,531|20.2731/7.4350| 2.43300 |1201.2 132,670 
343 117,649 40,353,607 18 .5203|7 .0000) 2.91545 |1077.6 | 92,401.3 412) 169,744] 69,934,528|/20.2078/7.4410) 2.42718 |1204.3 133,317 
344) 118,336} 40,707,584 18.5472'7.0068) 2.90608 1080.7 92,940.9 413] 170,569) 70,444,007|20.3224/7.4470| 2.42131 |1207.5 133,065 
345) 119,025! 41,063,625 18.5742!7.0136| 2.80855 |1083.8 93,482.0 414) 171,396] 70,957,044|20.3470|7.4530 2.41546 |1300.6 134,614 
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TABLE 20.—SQUARES, CUBES, SQUARE Roots, CuBr Roots, REcIP OCALS, CIRCUMFERENCES AND CIRCULAR AREAS—(Continued) 


No. | Square Cube Pk ou. Bago Note Die: No. | Square Cube Se os gO cor. Nees Dae 
root root recip. Circum. Area root root recip Circum. Area 
4t5| 172,225 71,473,375|20.3715 7-4590| 2.40064 |1303.8 |135,265 484| 234,256] 113,379,904|22.0000|7.8514| 2.06612 [1520.5 183,084 
416; 173,056] 71,091,296|20.3061|7.4650| 2.40385 |1306.9 |135,018 485| 235,225) 114,084,125|22.0227|/7.8568] 2.06186 |1523.7 184,745 
417| 173,889] 72,511,713|20.4206/7.4710} 2.39808 |1310.0 |136,572 486) 236,196] 114,791,256|22.0454/7.8622| 2.05761 |1526.8 185,508 
418| 174,724] 73,034,632|20.4450]7.4770| 2.30234 |1313.2 137,228 487| 237,169| 115,501,303|22.0681|7.8676| 2.05339 |1530.0 186,272 
419| 175,561) 73,560,059|20.4695|7.4829| 2.38664 |1316.3 |137,885 488] 238,144] 116,214,272|22.0907/7.8730| 2.04918 {1533.1 187,038 
420) 176,400| 74,088,000)20.4039|7.4880] 2.38005 |1310.5 [138,544 480] 230,121| 116,030,169|22.1133|7.8784| 2.04409 |1536.2 |. 187,805 
421| 177,241| 74,618,461/20.5183/7.4048| 2.37530 |1322.6 |130,205 490] 240,100] 117,649,000|22.1359|/7.8837| 2.04082 |1539.4 188,574 
422| 178,084] 75,151,448/20.5426]7.5007| 2.36067 |1325.8 130,867 401] 241,081] 118,370,771|22.1585|7.8801| 2.03666 |1542.5 180,345 
423| 178,920| 75,686,067|20.5670|7.5067| 2.36407 |1328.0 |140,531 492| 242,064] 119,095,488|22.1811/7.8944| 2.03252 |1545.7 190,117 
424] 179,776 76,225,024|20.5913 7.5126} 2.35849 |1332.0 I41,196 493| 243,049| 119,823,157|22.2036|7.8998| 2.02840 |1548.8 190,890 
425| 180,625| 76,765,625|20.6155|7.5185| 2.35204 |1335.2 141,863 494| 244,036) 120,553,784|22.2261|7.9051| 2.02429 |I551.9 191,665 
426| 181,476 77,308,776) 20.6308 7.5244| 2.34742 |1338.3 142,531 495| 245,025] 121,287,375|22.2486|7.9105| 2.02020 |1555.1 192,442 
427| 182,320| 77,854,483|20.6640|7.5302} 2.34102 |1341.5 143,201 496] 246,016| 122,023,9036|22.2711/7.9158| 2.01613 |1558.2 193,221 
428| 183,184] 78,402,752\20.6882/7.5361| 2.33645 |1344.6 |143,872 497| 247,009) 122,763,473|/22.2035|/7.92II| 2.01207 |1561.4 194,000 
429| 184,041} 78,953,589|20.7123/7.5420| 2.33100 |1347.7 |144,545 498] 248,004) 123,505,992\22.3159|7.9204| 2.00803 |1564.5 194,782 
430) 184,900] 70,507,000\20.7364!7.5478] 2.32558 |1350.9 [145,220 499) 249,001| 124,251,409 22.3383]7.9317| 2.00401 |1567.7 195,565 
431| 185,761] 80,062,001/20.7605|7.5537] 2.32019 {1354.0 145,896 500| 250,000] 125,000,000|22.3607|7.9370} 2.00000 |1570.8 196,350 
432} 186,624] 80,621,568|20.7846/7.5505| 2.31482 |1357.2 [146,574 §01| 251,001| 125,751,501/22.3830|7.9423| 1.99601 |1573.9 197,136 
433| 187,480 81,182,737|20.8087 7.5654] 2.30047 |1360.3 |147,254 502| 252,004| 126,506,008|22.4054|7.9476| 1.99203 |1577-1 197,923 
434| 188,356) 81,746,504/20.8327/7.5712| 2.30415 |1363.5 147,934 503] 253,009] 127,263,527|22.4277|7.9528] 1.98807 |1580.2 198,713 
435] 189,225] 82,312,875|/20.8567|7.5770| 2.20885 [1366.6 148,617 504] 254,016] 128,024,064|22.4499|7.9581| 1.98413 |1583.4 199,504 
436] 190,096| 82,881,856,20.8806/7.5828| 2.20358 |1369.7 |149,301 505| 255,025| 128,787,625|22.4722|7.9634| 1.98020 |1586.5 200,296 
437} 190,969 83,453,453|20.9045|7 .5886 2.28833 |1372.9 |149,987 506| 256,036] 1209,554,216|22.4944|7.9686| 1.97629 |1589.7 201,090 
438) tor.544| 84,027,672|20.9284/7.5044| 2.28311 |1376.0 |150,674 507| 257,049| 130,323,843|22.5167|7.9739| 1.97239 |1592.8 201,886 
439| 192,721} 84,604,519\20.9523|7.6001| 2.27790 |1379.2 |151,363 508) 258,064] 131,096,512/22.5389/7.9791| 1.96850 |1595-9 202,683 
440] 193,600| 85,184,000/20.9762/7.6059| 2.27273 |1382.3 152,053 500! 259,081| 131,872,229|22.5610/7.9843| 1.96464 |1599.1 202,482 
441| 194,481| 85,766,121,;21.0000/7.6117| 2.26757 |1385.4 |152,745 510| 260,100] 132,651,000|22.5832/7.98906| 1.96078 |1602.2 204,282 
442| 195,364) 86,350,888 21.0238/7.6174| 2.26244 |1388.6 153,439 511) 261,121] 133,432,831|22.6053/7.9948} 1.95695 |1605.4 205,084 
443) 196,249| 86,938,307'21.0476/7.6232) 2.25734 |1391.7 154,134 512] 262,144] 134,217,728|22.6274|8.0000] 1.95312 |1608.5 205,887 
444| 197,136 pmb stisbslas on 7syn.b289 2.25225 |1394-.9 154,830 513) 263,169| 135,005,697|22.6495|8.0052| 1.94932 |1611.6 206,692 
445; 198,025 88,121,125 21.0950|7.6346 2.24719 |1398.0 {155,528 514| 264,196] 135,796,744|22.6716|8.0104| 1.94553 |1614.8 207,499 
446| 198,916] 88,716,536)21.1187|/7.6403| 2.24215 |1401.2 156,228 515| 265,225| 136,590,875|22.6936|8.0156| 1.94175 |1617.9 208,307 
447) 199,809} 80,314,623 21.1424|7.6460 2.23714 |1404.3 156,930 516] 266,256] 137,388,096|22.7156|8.0208| 1.93798 |1621.1 209,117 
448| 200,704 89,015,392|21. 16607 .6517 2.23214 |1407.4 |157,633 517| 267,289| 138,188,413|/22.7376|8.0260] 1.93424 |1624.2 209,928 
449) 201,601 wise ad .1896|7.6574| 2.22717 |1410.6 |158,337 518] 268,324] 138,991,832|22.7596|8.031I] 1.93050 |1627.3 210,741 
450 202,5°0| QO1I,125,000|21.2132|/7.6631| 2.22222 |1413.7 159,043 519] 260,361) 139,798,359|22.7816/8.0363| 1.92678 |1630.5° 211,556 
451} 203,401 91,733,851|21.2368 7.6688 2.21730 |1416.9 |159,751 520] 270,400| 140,608,000|22.8035|8.0415| 1.92308 |1633.6 212,372 
452| 204,304| 92,345,408|21.2603'7.6744| 2.21239 |1420.0 160,460 521| 271,441] I141,420,761|22.8254/8.0466| 1.91939 1636.8 213,189 
453) 205,209) 02,9590,677|\21.2838|7.6801} 2.20751 |1423.1 161,171 522| 272,484| 142,236,648|22.8473|8.0517| 1.91571 |1639.9 214,008 
454| 206,116) 93,576,664 /21.3073|7.6857 2.20264 |1426.3 |161,883 523| 273,529| 143,055,067|22.8692/8.0569] 1.91205 |1643.1 214,829 

| 

455| 207,025| 94,196,375\21.3307|7.6914| 2.19780 |1429.4 |162,507 524| 274,576| 143,877,824|22.8010|8.0620] 1.90840 |1646.2 215,651 
456, 207,936 94,818,816 21 3542/7 .6970| 2.19298 |1432.6 163,313 525| 275,625| 144,703,125|22.9129/8.0671 1.90476 |1649.3 216,475 
457| 208,849! 95,443,903\21.3776|7.7026] 2.18818 |1435.7 |164,030 526] 276,676] 145,531,576|22.9347|8.0723| 1.90114 |1652.5 217,301 
458) 209,764| 96,071,912 21.4009 7.7082 2.18341 |1438.9 |164,748 527| 277,729] 146,363,183|22.9565|8.0774| 1.80753 |1655.6 218,128 
459| 210,681} 96,702,579) 21.4243 7.7138| 2.17865 |1442.0 |165,468 528| 278,784| 147,197,952|22.9783|8.0825| 1.89394 |1658.8 218,956 
460) 211,600) 97,336,000/21.4476/7.7194| 2.17391 |1445.1 |166,190 529] 279,841| 148,035,889|23.0000/8.0876| 1.89036 |1661.9 | 210,787 
AOI| 212,521| 97,972,181\21.4709|7.7250| 2.16020 |1448.3 166,014 530] 280,900] 148,877,000|23 .0217/8.0927 1.88679 |1665.0 220,618 
462| 213.444| 98,611,128|21.4942|7.7306| 2.16450 |1451.4 167,639 431| 281,961| 149,721,291|23.0434|8.0078] 1.88324 {1668.2 221,452 
463| 214,369] 99,252,847|21.5174|7.7362] 2.15983 |1454.6 |168,365 532| 283,024] 150,568,768|23 .0651/8.1028] 1.87970 |1671.3 222,287 
464) 215,296! 99,897,344)/21.5407 7.7418] 2.15517 |1457-7 |169,003 533, 284,089] 151,419,437|23 -0868|/8.1079} 1.87617 |1674.5 223,123 
405| 216,225) 100,544,625|21.5639|7.7473| 2.15054 |1460.8 |160,823 534| 285,156) 152,273,304)23.1084/8.1130| 1.87266 |1677.6 223,061 
406, 217,156 I101,194,696|21.5870|7.7529} 2.14592 |1464.0 |170,554 535| 286,225| 153,130,375|23-1301/8.1180] 1.86916 |1680.8 224,801 
467) 218,089 101,847,563|21 .6102|7.7584 2.14133 |1467.1 171,287 536| 287,296] 153,990,656|23 .1517|8.1231 1.86567 |1683.9 225,042 
468 219,024) 102,503,232|21 -633317-7030) 2.13675 |T470.3 172,021 537] 288,360| 154,854,153/23.1733/8.1281 1.86220 |1687.0 226,484 
469| 219,961} 103,161,709)21.6564|7.7695| 2.13220 |1473-4 |172,757 538| 289,444| 155,720,872/23 .1948/8.1332| 1.85874 1690.2 227,329 
470| 220,900| 103,823,000|21.6795/7.7750| 2.12766 1476.5 173,494 539| 200,521) 156,590,819|23.2164!8.1382| 1.85529 |1603.3 228,175 
471 221,841| 104,487,111|21.7025|7.7805| 2.12314 |1479.7 174,234 540| 291,600] 157,464,000]23 .2379|8.1433| 1.85185 |1606.5 229,022 
472|\ 222,784, 105,154,048 21.7256\7.7860| 2.11864 |1482.8 174,974 541| 292,681 158,340,421|23.2594/8.1483] 1.84843 |1609.6 220,871 
473| 223,729| 105,823,817|21.7486|7.7915| 2.11417 |1486.0 175.716 542| 203,764) 159,220,088|23 .2809|8.1533| 1.84502 |1702.7 230,722 
474| 224,676| 106,496,424 21.7715|7-7970| 2.10971 |1489.1 176,460 543] 204,849| 160,103,007/23 .3024/8.1583 1.84162 |1705.9 231,574 
475| 225,625) 107,171,875 21.7945 7.8025| 2.10526 |1492.3 177,205 544] 295,036 160,980,184|23 .3238/8.1633| 1.83824 |1709.0 232,428 
476| 226,576) 107,850,176|21.8174 7.8079| 2.10084 |1495.4 |177,952 545| 207,025| 161,878,625|23 .3452|8. 1683 1.83486 |1712.2 233,283 
477| 227,529 108,531,333|21.8403 7.8134 2.09644 |1498.5 178,701 546] 298,116) 162,771,330|23 .3666/8.1733] 1.83150 |1715.3 234,140 
478) 228,484| 109,215,352)21 .8632|/7.8188] 2.00205 |I501.7 179,451 547| 299,209] 163,667,323|23 .3880/8.1783] 1.82815 1718.5 234,908 
479| 220,441) 109,902,239 21.8861 7.8243| 2.08768 |1504.8 180,203 548| 300,304) 164,566,592|23.4094|8.1833| 1.82482 1721.6 235,858 
480) 230,400 110,592,000 21.9080|7.8207) 2.08333 |1508.0 180,056 549| 301,401} 165,460,149)23.4307,8.1882} 1.82149 1724.7 236,720 
481| 231,361) I11,284,641|21.9317 7.8352} 2.07900 |I5II.I 181,711 550| 302,500] 166,375,000|23.4521)8.1932| I 81818 |1727.9 237,583 
482| 232,324] II1,980,168/21.9545 7.8406] 2.07469 |1514.3 182,467 551| 303,601| 167,284,151|23.4734|8.19082| 1.81488 |1731.0 238,448 
483| 233,280) 112,678,587/21.9773 7.8460] 2.07039 11517.4 1183,225 552! 304,704! 168,196,608!23.494718.2031! 1.81159 |1734.2 230,314 
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TABLE 20.—Souares, Cuses, SQUARE Roots, CuBe Roots, RECIPROCALS, CIRCUMFERENCES AND CIRCULAR AREAS—(Continued) 
ac | Sq Cu 1000 X No. = Dia. Sq. Gu 1000 X No. = Dia. 
r | ) td < + 
No. | Square | Cube PN) ee mnie ee oe No. | Square Cube root | root recip. Circum. Area 
553) 305,800 169,112,377|23 . 5160 SO 2O8n TF. Sose2e i737 23 240,182 622| 386,884) 240.641,848|24.9399|/8.5362| 1.60772 {1954.1 303,858 
554) 306,916) 170,031,464|23.5372|8.2130} 1.80505 |1740.4 241,051 623| 388,129] 241,804,367|24.9600/8.5408] 1.60514 |1957.2 304,836 
555) 308,025) 170,953,875|23.5584/8.2180| 1.80180 |1743.6 241,922 624| 380,376| 242,970,624|/24.9800|8.5453| 1.60256 |1960.4 305,815 
556] 300,136| 171,870,616|23.5797|8.2220| 1.79856 |1746.7 242,795 625] 390,625| 244,140,625|25.0000|8.5490] 1.60000 |1963.5 306,796 
557| 310,249 172,808,693) 23.6008/8.2278) 1.709533 |1743-9 | 243,669 626] 391,876) 245,314,376|25.0200/8.5544| 1.59744 |1966.6 | 307,779 
558 311,364] L737740, 1 12\23.0220/8:.2327| Pe7O2TL |2750.06 244,545 627) 393,129| 246,491,883/25.0400/8.5590| 1.59490 1969.8 308,763 
559, 312,481) 174,676,879/23 .6432|/8.2377| 1.78891 |1756.2 245,422 628] 394,384] 247,673,152|25.0599|8.5635| 1.59236 |1972.9 309,748 
560 313,600 175,616,000|23 .6643/8.2426] 1.78571 |17590.3 240,301 620] 395,641| 248,858,189|/25.0799|8.5681/ 1.58983 |1976.1 310,736 
561| 314,721) 176,558,481|23.6854|8.2475| 1.78253 |1762.4 247,181 630] 396,900] 250,047,000|25.0998/8.5726] 1.58730 |1979.2 311,725 
562 315,844, 177,504,328|23.7065|8.2524| 1.77936 |1765.6 248,063 631| 398,161| 251,239,591|25.1197/8-5772| 1.58479 |1982.4 312,725 
| : 
563| 316,069 178,453,547/23.7276|8.2573| 1.77620 |1768.7 248,047 632| 399,424] 252,435,968|25.1396/8.5817) 1.58228 |1985.5 313,707 
564) 318,006) 179,406,144/23.7487|8.2621| 1.77305 |1771.9 249,832 633) 400,689] 253,636,137|25.1595|8.5862| 1.57978 |1988.6 314,700 
565 319,225) 180,362,125|23.7697|8.2670| 1.76991 |1775.0 250,719 634) 401,056] 254,840,104|25.1794|8.5907| 1.57729 |1991.8 315,696 
566) 320,356| 181,321,496/23.7908/8.2719| 1.76678 |1778.1 251,607 635] 403,225| 256,047,875|25.1992|8.5952| 1.57480 |1994.9 316,692 
567) 321,489) 182,284,263|23.8118/8.2768) 1.76367 |1781.3 252,407 636] 404,496| 257,259,456|25.2190|8.5997| 1.57233 |1998.1 317,690 
568 322,624] 183,250,432/23.8328/8.2816| 1.76056 |1784.4 253,388 637| 405,769| 258,474,853|25.2389|8.6043| 1.56086 |2001.2 318,690 
569} 323,761| 184,220,009 23.8537|8.2865| 1.75747 |1787.6 254,281 638) 407,044] 259,694,072/25.2587|/8.6088} 1.56740 |2004.3 319,692 
570| 324,900] 185,193,000 23 .8747|8.2913 1.75439 |1790.7 255,176 639| 408,321] 260,917,119|25.2784/8.6132| 1.56495 |2007.5 320,965 
571| 326,041) 186,169,411|/23.8056|8.2062| 1.75131 |1793.9 256,072 640] 409,600] 262,144,000|25.2982/8.6177| 1.56250 |2010.6 321,699 
572) 327,184) 187,149,248|23.9165|8.3010| 1.74825 |1797.0 256,970 641| 410,881| 263,374,721|25.3180/8.6222} 1.56006 |2013.8 322,705 
573] 328,320] 188,132,517|23-9374/8.3059| 1.74520 |1800.1 257,869 642| 412,164] 264,609,288|25.3377|/8.6267| 1.55763 |2016.9 323,713 
574) 329,476| 189,119,224|23.9583|8.3107| 1.74216 |1803.3 258,770 643] 413,449] 265,847,707|25.3574/8.6312} 1.55521 |2020.0 324,722 
575| 330,625) 190,109,375|23.9792|/8.3155| 1.73913 |1806.4 259,672 644| 414,736] 267,080,984|25.3772/8.6357| 1.55280 |2023.2 325,733 
576) 331,776] 191,102,976|24.0000/8.3203| 1.73611 |1800.6 260,576 645| 416,025| 268,336,125|25.3969|/8.6401} 1.55039 |2026.3 320,745. 
577| 332,929) 192,100,033|24.0208)8.3251| 1.73310 |1812.7 261,482 646| 417,316] 260,586,136|25.4165|8.6446] 1.54799 |2029.5 327,759 
578] 334,084) 193,100,552|24.0416|8.3300| 1.73010 |1815.8 262,380 647| 418,609] 270,840,023|25.4362/8.6490| 1.54560 |2032.6 328.775 
579| 335,241] 194,104,539|24.0624|8.3348 Ceo Lea | EOLOSO 263,208 648] 419,904] 272,097,792|25.4558/8.6535 1.54321 |2035.8 329,792 
580) 336,400) 195,112,000|24.0832|8.3396| 1.72414 |1822.1 | 264,208 649| 421,201] 273,359,449/25.4755|8.6579] 1.54083 |2038.9 | 330,810 
581) 337,561) 196,122,041/24.1039|8.3443] 1.72117 |1825.3 265,120 650| 422,500| 274,625,000|25.4951/8.6624| 1.53846 |2042.0 331,831 
582] 338,724] 107,137,368|24.1247|8.3401| 1.71821 |1828.4 266,033 651| 423,801) 275,894,451|25.5147|8.6668| 1.53610 |2045.2 332,853 
583] 339,889) 198,155,287/24.1454/8.3530| 1.71527 |1831.6 | 266,048 652| 425,104| 277,167,808/25.5343|8.6713| 1.53374 |2048.3 | 333,876 
584] 341,056] 1900,176,704|24.1661|8.3587| 1.71233 |1834.7 267,865 653| 426,400] 278,445,077|25-5539|8.6757| 1.53139 |2051.5 334,901 
585) 342,225] 200,201,625|24.1868|8.3634| 1.70940 |1837.8 268,783 654| 427,716] 270,726,264|25.5734|8.6801| 1.52905 |2054.6 335,927 
586] 343,396] 201,230,056/24.2074/8.3682| 1.70649 |1841.0 260,701 655| 420,025| 281,011,375|25.5930|8.6845| 1.52672 |2057.7 336,955 
587| 344,509] 202,262,003|24.2281/8.3730| 1.70358 |1844.1 270,624 656| 430,336] 282,300,416|25.6125|8.6890| 1.52439 |2060.9 | 337,985 
588] 345,744] 203,207,472|24.2487|8.377 1.70068 |1847.3 271,547 657| 431,649] 283,5903,393/25.6320|8.6034| 1.52207 |2064.0 339,016 
589| 346,921] 204,336,469|24.26093/8.3825| 1.609779 |1850.4 272,471 658| 432,064] 284,800,312|25.6515]/8.6078} 1.51976 |2067.2 340,049 
590} 348,100; 205,379,000 24.28099/8.3872| 1.60492 |1853.5 273,397 659] 434,281| 286,191,179|25.6710|8.7022| 1.51745 |2070.3 341,084 
591} 349,281) 206,425,071|24.3105|/8.3919| 1.69205 |1856.7 274,325 660] 435,600] 287,496,000|25.6905|8.7066| 1.51515 |2073.5 324,119 
592] 350,464) 207,474,688) 24.3311/8.3067, 1.68919 | 1859.8 275,254 661| 436.921) 288,804,781|25.7099|8.7110| 1.51286 |2076.6 | 343,157 
593) 351,049) 208,527,857|24.3516/8.4014| 1.68634 |1863.0 276,184 662] 438,244] 200,117,528|25.7204|8.7154| 1.51057 |2079.7 344,196 
594| 352,836) 200,584,584 24.3721/8.4061| 1.68350 |1866.1 | 277,117 663] 439,560] 291,434,247/25.7488|/8.7198| 1.50830 |2082.9 | 345,237 
595| 354,025) 210,644,875|24.3926|8.4108|} 1.68067 |1869.3 278,051 664) 440,806] 202,754,044|25.7682/8.7241| 1.50602 |2086.0 346,279 
596| 355,216]. 211,708,736/24.4131/8.4155| 1.67785 |1872.4. | 278,986 665| 442,225| 204,070,625|25.7876|8.7285| 1.50376 |2089.2 | 347,323 
597| 350,409| 212,776,173/24.4336/8.4202] 1.67504 |1875.5 279,923 666] 443,556] 295,408,296|25.8070/8.7329| 1.50150 |2092.3 348,368 
| 
598| 357,604| PES SAT:192)24 -A5A0 8.4240} 1.67224 |1878.7 280,862 667| 444,889] 296,740,963|25 .8263|8.7373| 1.49925 |20905.4 349,415 
599] 358,801 214,921,799/24.4745/8.4206| 1.66945 |1881.8 281,802 668| 446,224] 208,077,632|25.8457\8.7416| 1.49701 |2008.6 350,464 
600) 360,000! 216,000,000 24.4949|/8.4343| 1.66667 |1885.0 282,743 669] 447,561| 299,418,309|25.8650/8.7460| 1.49477 |2101.7 351,514 
601) 361,201) 217,081,801 24.5153/8.4390| 1.66389 /1888.1 283,687 670| 448,900] 300,763,000|25 .8844/8.7503| 1.49254 |2104.9 | 352,565 
602) 362,404) 218,167,208 24.5357,8.4437| 1.66113 1891.2 284,631 671] 450,241} 302,111,711|25.9037|8.7547| 1.49031 |2108.0 353,618 
603} 363,609, 219,256,227 24.5561 8.4484 1.65837 |1804.4 285,578 672| 451,584] 303,464,448|25.9230/8.7590| 1.48810 |2t11.2 354,673 
604| 364,816 220,348,864 24.5764/8.4530| 1.65563 |1807.5 | 286,526 673| 452,920] 304,821,217|25.9422|8.7634| 1.48588 |2114.3 | 355,730 
605] 366,025) 221,445,125 24.5967|8.4577| 1.65289 |1900.7 | 287,475 674| 454,276] 306,182,024|25.9615|8.7677| 1.48368 |2t17.4 | 356,788 
606) 367,236] 222,545,016 /24.6171|8.4623) 1.65017 |1903.8 | 288,426 675] 455,625| 307,546,875|25.9808|8.7721| 1.48148 |2120.6 | 357,847 
607) 368,449) 223,648,543|/24.6374|8.4670) 1.64745 |1907.0 | 280,379 676] 456,976] 308,915,776|26.0000/8.7764] 1.47029 |2123.7 | 358,908 
608 369,664) 224,755,712 24.6577.8.4716| 1.64474 |1910.1 | 290,333 677) 458,329] 310,288,733/26.0192|8.7807| 1.47711 |2126.9 | 359,071 
609} 370,881 225,860,529 24.6779 /8.4763 1.64204 |1913.2 291,289 678) 459,684| 311,665,752/26.0384|8.7850| 1.47493 |2130.0 361,035 
se 372,100) 226,981,000|/24.6982/8.4800] 1.63034 |1916.4 202,247 679| 461,041) 313,046,839|26.0576|8.7803| 1.47275 |2133.1 362,101 
6II) 373,321] 228,009,131 24.7184)8. 4856 1.63666 1919.5 293,206 680} 462,400] 314,432,000|26.0768/8.7937| 1.47059 |2136.3 363,168 
612) 374,544| 229,220,928/24.7386/8.4902| 1.63399 |1922.7 204,166 681) 463,761] 315,821,241/26.0960|8.7980|] 1.46843, |2130.4 364,237 
613) 375,769] 230,346,397|24.7588/8.4048| 1.63132 |1925.8 | 205,128 682] 465,124] 317,214,568/26.1151|8.8023] 1.46628 |2142.6 | 365,308 
614 376,996] 231,475,544|24.7790|8.4094| 1.62866 |1928.9 206,092 683} 466,489] 318,611,987|26.1343/8.8066| 1.46413 |2145.7 366,380 
615| 378,225 232,008,375|24.7992|8 . 5040 1.62602 |1932.1 297,057 684] 467,856) 320,013,504|26.1534|8.8109| 1.46199 |2148.0 367,453 
616) 379,456) 233,744,806 24. 8103/8. 5086 I.62338 |1935.2 298,024 685| 460,225] 321,419,125|26.1725|8.8152| 1.459085 |2152.0 368,528 
617) 380,689 ue ue 8.5132} 1.62075 |1938.4 298,992 686] 470,596| 322,828,856|26.1916/8.81904| 1.45773 |2155.1 360,605 
618) 381,924) 236,020,032/24.8506)8.5178, 1.61812 |1941.5 | 299,962 687, 471,969] 324,242,703'26.2107|8.8237| 1.45560 |2158.3 | 370,684 
619 383,161, 237,170,059 24.8797 8.5224) 1.61551 |1944.7 300,934 688) 473,344| 325,660,672/26.2298/8.8280| 1.45349 2161.4 371,764 
620 384,400) 238,328,000 24. 8998/8. 5270) 1.61290 |1947.8 301,907 689| 474,721| 327,082,769|26. 2488/8. 8323 1.45138 |2164.6 372,845 
621) 385,641! 239,483,061'24.919918.5316' 1.61031 |1950.9 302,882 690] 476,100! 328,509,000|26.26709/8.8366| 1.44928 |2167.7 373,928 
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TABLE 20.5 SQUARE Q 
Ss CUBES S UAR Roots Cus Roots RECIPROC LS Crr¢ UMFERENCES A 
“) ? E 
E ND C1 U AR Continued 
> ? A ? 
) 


No. | Square Cube Sq. (one Rane 
5 root | root a No. = Dia 
Eo 477,481| 329,939,371)/26.2869|8. 8408) = Circ. Area No. | Square Cube Sq. Cu. 1000 
478,864) 331,373,888)26. 3059 aes ah 1.44718 |2170.8 |375,013 ase Ee, ak OX No. = Dia. 
bs pe 332,812,557|26.3249 aes 1.44509 |2174.0 [376,099 ts 577,600| 438,976,000|27 .5681|9. 1258 SRE Cree ee 
481,636) 334,255,384 26. -8493| 1.44300 |217 761) 579,121 ed dea 3 
255, ; Neate et , 440,711,08 579 |2387.6 
605 48 384 26.3439 8.8536 377,187 6 ,081/27.5862/9.1208 453,046 
Fre raise oaglt tare aaastes 2180.3 |378,276 al pale IG ais ge eee pune Saenapee eebee 
Meee ticol! aarécsa.ca6ls .43885 |2183.4 |379,367 ie tae 444,194,947|27 .6225|9.1378 Bene. 2393.9 |456,037 
697) 485,800 ee cas 8.8621, 1.43678 [2186.6 38 31000) 445:94391744)27 0405 94TATS ee peste a eg oe 
698) 487,20. , a - 4008 8. 8663 e : 0,459 6 2400.2 |458 
,204) 340,068,302) 1.43472 |2189. 765] 585,225 6 434 
609| 488,601) 341,532 ela 1.43267 [202.8 aan Feel eterashl are ee 096 he ae RCE Gus 450,6 
700 1009 26. |8.8748) : ,649 SOS 7-6767/9.1 ; 1035 
490,000| 343,000,000 26.4575 (8 ed Se 2106.0 |383,746 i 588,280| 451,217,663|27 6948/9 ie 1.30548 |2406.5 |460,837 
‘ Lee os ; ‘ 
7or| 491,401! 344,472,101|26 42857 |2199.1 |384,845 oe 452,084,832|27.7128|9.1577 nile 2409.6 |462,042 
r | i. , ) . | , 2 ‘. . 2 
702, 492,804, 345,948 peo nde es 1.42653 |2202.3  /385,04 SBS CAS AMES OOD AieeTe CRS RO RW Beate nee oe. 
eR ae \aa7 248027106. 3/8.8875| 2.4 Sa Aspro se 770 , 15.9 |464,454 
. 347,428,927\2 42450 |2205. | 592,900] 456, 
704| 405,616| 348 7\26.5141|8.8917| 1.42248 |2 JR TAT 7711 504 533,000|27.7489|9.1657| 1.208 
Bes rs 348,013,664 26.5330 8.89590! 1 2208.5 (388,151 ats 441] 458,314,012|27.7669|9.1696| 9870 |2419.0 |465,663 
7,025| 350,402,625|26.5518|8.9001 Sago 2211.7 |389,256 i 505,984] 460,009,648|27.7849|9.1736 .29702 |2422.2 |466,873 
ert foniucé) aerRon Gi6ia6 | 1.41844 |2214.8 390,363 se oe 461,880,017|27.8029|9.1775 Nee 2425.3 |468,085 
| .895,816 26.5707 z ,076| 463,684,82 5299 2428.5 6 
707| 499,849| 35 $707 8.9043} 1.416 ,684,824)27.8209|9.18 469,298 
. | 3,393,243 26.58: | 43 |2218.0 301 9.1815 I.29199 |2 
708| 501,264 3 3/26.5895|8.9085| 1.414 471 775| 600,6 431.6 |470,513 
E » | 354,894,012 26. a -41443 |2221.I1 |302 ( 0,625) 465,484, 
709| 502,681, 356,400,829 26 ae 8.9127| 1.47243 |2224.3 oe 776| 602,176 Goa Bs ean aa 1.29032 |2434.7 [471.7 
710) 504,100) 357,911 -6271/8.9169) 1.41044 |2227 777| 603,729] 46 7-8568|9.1894) 1.28866 |2 Lae 
, ans AGH ASS 8.9211| 1.40845 27-4 |394,805 we lioonaee 9,097,433/27-8747|9-1933| 1.28700 437-9 1472,948 
Irs : 2230.5 oe 470,910 2441.0 
71) 505,521) 359 | | S) 395,919 1952/27 .8927|9.197 474,168 
425,431 26.6646 779) 606,841) 472,72 B13) Eeab saps 24a ae? 
712, 506,044) 360 -6646)8.9253, 1.40647 1729,139|27 .9106)9. 2012 +2 475,389 
: 044,128 26.6833. 47 |2233.7 |397,0 : 1.28370 |24 
713| 508,360 -6833/8.9295, I 1035 780] 608 47-3  |476,612 
’ 362,467,007 26.7021) -40449 |2236.8 | 08,400) 474 
ae ee , 26.702 = : 398,1 ,552,000)/27. 
714) 500,796) 363,004,344 26 a ae ir Saal a pare pe 212 oo AF : O46 See eae ee 
I = ie = . he : - | , , . 9.2 ’ 
Biot | 05:5 75,875)26..7395)8 aoe s., [2243.1 |400,393 ee 478,211,768|27 .9643/9 pt 1.28041 |2453.6 [479,062 
} | : -39860 |2246.2 ‘ 13,089| 480,048,6 : 1.27877 |2456. 
716| 512,656) | -2  |401,515 ,048,687|27 9821 7 |480,290 
s , 367,061,606 26.75 | 784) 614,656 9.2170 I.2771 
Rr . ,696 26.7582'8.9462) : 481,890,304 28 4 |2459.9 |481 
717|\ 514,089) 368,601,8 f2 9462| 1.39665 |2 ,304|28.0000]9.2209 +519 
,601,813 26.776 2249.4 |402,63 I.27551 |2463.0 
718 515 524 ~ : 7760 |8.9503) 1.3947 9 785| 616 482,750 
24) 370,146,23 eS | 9470 |2252. 4 1225) 483,736, 
719 516,961) 371,6 32|26.7955|8.9545) 1.39276 |2255 oe eae 786) 617,796 36,625|28.0179|9.2248) 1.27389 |2 
lone 371,694,959 28.8142 /8.9587| I ‘ 2255.7 |404,802 ae 96| 485,587,656|28.0357|/9.2287| 1 9 [2466.2 |483,982 
/ ate as z 7 ‘ > ; : 
| ,400| 373,248,000 26.8328/8.9628| 1 _— 2258.8 |406,020 bee ae 487,443,403|28 .0535|9.2326) 1 chee 2469.3 |485,216 
ee eer | -38889 |2261.9 » |407,150 ae ee 480,303,872|28.0713|9.2365 Bas one 486,451 
Ss 74,805,361 26.8514) 2 ’ 491,16 : 2475- 
in 521,284) 376,367,048 ae a ee 1.386096 |2265.1 |408,282 9,069|28.0891|9.2404) 1.26743 |2478.7 Wee of 
723| 522,729) 377,033,067 ee ee 1.38504 |2268.2 | 409,416 790) 624,100] 493,039,000 28. 1069 lea 
724 524,176 379,503,424 26.9072. .9752| 1.38313 |2271.4 |410,550 791| 625,681] 494,913,671|28. 12 9.2443] 1.26582 |2481.9 490,167 
725 525,625, 381,07 z .9072/8.9794| 1.38122 |227 : 792| 627,264] 496 -1247/9.2482| 1.26422 |248 : 
| 381,078,125 26.9258 8.9835, 1.379 274.5 |411,687 ia ae 406,793,088|/28.1425|9.2521| 1.2626 oe 491,409 
5 aSLOSE) | 227707 ,819| 498,677,257 : 3 |2488.1 492,6 
726) 527,076 | 412,825 1257|28. 1603/9. 256 Dees 
: 382,657,176 26 794) 630,436| 500 560] 1.26103 |2 
a , “ _ 566,184) 28 401-3 |493,8 
727, 528,520, 384,240,5 0444,8.9876 1.37741 4/28. 1780|9.2599 897 
| 384,240,583 26.9629 8 2280.8 |413,965 1.25945 |2494.4 
= 728) 529,984) 38 . -9629 8.9918) 1.375 ae 795| 632,02 495,143 
| 5,828,352/26. s 52 |2283.9 |415,106 025] 502,459,875/ 28.1957 
720| 531,441| 387,42 9815/8.9959|) 1.37363 |228 | 796) 633,616) 50 1957|9. 2638] 1.25786 |2497.6 
es 387,420,489 27.0000 9.0000, 7.1 {416,248 onle 4,358,336|28.2135|9.2677 496,391 
73 | 532,900 380,017,000 27.0185 9 hal 1.37174 |22900.2 |417,393 aa peer 506,261,573|28.2312|9.2716 1.25628 |2500.7 |497,041 
| 19 | 1.36986 |2203.4 |418 36,804| 508,169,592|28 : 1.25471 |2503-8 |498,8 
731) 534,361 390 61 | | 1539 799| 6 X -2480|9.2754 1094 
617,891 9| 638,401 1.25313 |2507- 
732) 535,824 Loy a ao ees 1.36799 |2206.5 vee 686 510,082,399|28.2666/9.2793| 1.25156 ee soe 
733, 537,289 393,832,837 Be toa 7.36632 |2200.7. (420,835 ae 640,000) 512,000,000)28.2843/9-28 aes 
= -07 c , 2 5 
Saad 538,756 ee aol oe, : 1.36426 |2302.8 |421,986 Aes 641,601) 513,922,401|28.3019]9 aan 1.25000 |2513-3 |502,655 
735| 540,225, 397,065,37 -0205| 1.36240 |2305. 2 02) 643,204) 515,849,608 j 1.24844 |2516.4 |50 
5»375|27-1109|9.0246/ 1.36054 Rt 803) 644,809] 5 : 28.3196|9.2909) 1.24688 |2519.6 pee 
= | ; 2309.1 |42 : 17,781,627|28 are S19. 505,171 
736 541,606) 398,6 ae 804) 6 -3373|9.2048 : 
,606| 398,688,256 27.12 | 4| 646,416} 519,718,46 1.24533 |2522.7 |506 
737| 543,169) 400 7.1293)9.0287| 1.35870 |2 1718,464|28.3549/9.2086) 1.2 ahapaey 
ee 1315,553|27-147 312.2 |425,448 24378 |2525.8 |507,6 
738 544,044) 40r 477|9.0328| 1.35685 |2 805| 648,025| 521,66 oe 
| , ,047,272 27.166 | 315.4 |426,604 660,125) 28.3725 
| 2 - -302 
739) §46,121, 403,583,419 27.1846 9.0369) 1.35501 |2318.5 |427,762 649,636| 523,606,616| 28.3901 e are 1.24224 |2529.0 |508,058 
240| 547,600| 405,22 | Poa 1.35318 |2321.6 07| 651,249] 525,5 is .3063) 1.24069 |2532.I |510 
5 4,000 27.2029 9.0450 I 428,922 808) 652 86 $7,943 28.4077 9.3102 I 23916 5 1223 
741| 549,081, 406,86 | | -35135 |2324.8 (430,084 Bo rons 527,514,112|28.4253|9.3149 aes Ros 511,490 
; 869,021 , 529, j 536. 
742\ 550,564. eal os ooes: 1.34953 |2327.9 431,247 Oi415/8a9) 28-44 alee aie) Sia 728 pi ee 
_ 743) 552,049) 410,1 |27-2397|9.0532} 1.34771 |2331-1 810) 656,100) 531,441,090 
a | | 410, 72,407/27.258019.0572 432,412 8r1\6 4I, 28.4605|9.3217| 1.2 
: 744| 553,536 411,830,784 27.2764 Rae 2| 1.34590 |2334.2 |433,578 : 57,721| 533,411,731|28.4781/9.3255 -23457 |2544.7 |515,300 
745 555,025 413,493,625 27-2047 ona 1.34409 |2337-3 |434,746 ue es 535,387,328|28.4956|9 Se ers 2547.8 |516,573 
; : .0654| 1.34228 |2340.5 | 0,969| 537,367,797|28 : 23153 |2551.0 |517,848 
746, 556,516) 415,160 | pereyoneee 814| 662,596 : -5132/9-3332] 1.23001 Yes 
: ie? ,160,936|27.3130 9.0694 1596| 539,353,144/28. 2554-I  |519,124 
: 747| 558,009) Be alias 9 es 1.34048 |2343.6 |437,087 ; 5307|9-3370| 1.22850 |2557-3 |520,402 
748) 559,504 418 9.0735} 1-33869 |2346.8 15| 664,225) 541,3 gue 
| 418,508,992|27.3496 9.0775 438,259 816| 665,8 43:375|28 .5482/9.3408| 1.226 
3 749| 561,001) 420,189,749 Bee: a 1.33690 |2349.9 |439,423 Boalt 5,856| 543,338,496|28 .5657|9.3447 = 99 2560.4 |521,681 
750| 562,500, 421,875,000 -0816| 1-335II |2353-1 |440,60 17| 667,480] 545,338,513|28.5832| Y 22549 |2503-5 |522,962 
PON 27.3861 9.0856| 1.333 iOS 818) 660,12 32/9.3485] 1.22399 |2566 
al : 33 |2356.2 1,78 | 124] 547,343,432|28 .6007 -7 |524,245 
751) 56 441,786 819) 6 7|9.3523| 1-22 
564,001) 423,564,751/27 -4044 90806 9) 670,761} 549,353,259|28.6182|9. 3501 22249 |2569-8 [525,529 
 752)-565,504| 425,259,008)27 4226 9.0937 1.33156 |2359.3 [442,905 8201 6 1.22100 |2573.0 |526,814 
753| 567,009, 426 | .0937| 1.32079 |2362. 72,400) 551,368,000|28 
| 426,957,777|27 4408 9.097 5 |444,146 ROTC .635619.3599| 1.2 
754] 568,516 428,661,064) 27.45 9.0977} 1.32802 2365.6 |445,328 : 1} 674,041) 553,387,661|28.6531 9.3637 .21951 (2576.1 |528,102 
Bec) oro.a26| 490,308,875 ee ea f ga6u6 \4568.8 - 446.502 co eee 555,412,248 28.6705|9.3675 ae 2579-2 |529,391 
‘ 773'9.1057| 1.32450 |2371-9 |447,697 aie Bas 557,441,767|28 .6880'9.3713 ee SUMS Cs ieee Sea 
756| 571,536, 432,081,216 27.4955 9.1008 24| 678,976| 559,476,224/28.7054/9.375 -21507 |2585-5 |531,973 
757| 573,049| 433,798,003 Seer : 1.32275 |2375-0 |448,883 Saal .3751| 1.21359 |2588.7 |533,267 
758| 574,56 9.1138) 1.32100 |2378.2 5| 680,625 561,515,625]2 | 
4) 435,519,512|27.5318 9.1178 AE 826) 682 5|28.7228/9.3789| 1.21212 |: 
759! 576,081| 437,245 : 1.31926 |2381.3 |451,262 ,276| 563,559,976/28. 7402 2591.8 |534,562 
1245,479'27.5500'9.1218! I : 827| 683,02 (9.3827| 1.21065 |2 
31752 |2384.5 !452,453 3,929| 565,609,283|28.7576.9.3865| I 595-0 |535,858 
28) 685,584! 567,663,552'28 .20919 |2598.I |537,1 
1552/28.775019.3902] I a 537,157 
.20773 |2601.2 |538,456 
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TABLE 20.—SQUARES, CUBES, SQUARE Roots, CuBE Roots, RECIPROCALS CIRCUMFERENCES AND CrrcuLAR. AREAS— (Continued) 


No. peut Cube Oa: a: noee es ; Niobe: No. | Square Cube ee ee ye ; See 
| root root recip. | Circum. Area root root recip. Circum. Area 
829 687,241 569,722,780|28.7924|9. 3940 1.20627 |2604.4 1|539,758 808] 806,404] 724,150,792|29.9666|9.6477|/ 1.11359 |2821.2 633,348 
830, 688,900 571,787,000|28 .8097/9.3978 1.20482 |2607.5 |541,061 809] 808,201] 726,572,699|29 .9833/9.6513| 1.11235 |2824.3 634,700 
831) 690,561 573,856,191|28.8271|9. 4016 1.20337 |2610.7 |542,365 900] 810,000] 729,000,000|/30.0000/9.6549| I.IIIII 2827.4 |636,173 
832| 692,224) 575,930,368 28 .8444|/9.4053 I.20192 |2613.8 |543,671 901) 811,801) 731,432,701)30.0167/9.6585| 1.10088 2830.6 |637,587 
833] 693,8890| 578,009,537/28.8617/9.4091| 1.20048 2616.9 |544,979 902| 813,604) 733,870,808|30.0333|9.6620] 1.10865 |2833.7 |639,003 
834) 695,556) 580,093,704 28.8791/9.4120 I.19904 |2620.1 |546,288 903) 815,409] 736,314,327|30.0500|9.6656) 1.10742 2836.9 |640,421 
835) 697,225) 582,182,875 28.8064|9 . 4166 I.19760 |2623.2 [547,599 904| 817,216] 738,763,264] 30.0666|9.6692) 1.10619 |2840.0 641,840 
836) 698,806, 584,277,056|28 .9137\9.4204| 1. 19617 |2626.4 |548,912 905] 819,025| 741,217,625|/30.0832|9.6727 I.10497 |2843.1 643,261 
837| 700,569} 586,376,253/28.9310 9.4241 I.19474 |2629.5 |550,226 906| 820,836| 743,677,416|30.0998|9.6763] 1.10375 |2846.3 644,683 
838| 702,244) 588,480,472)/28.9482)9.4279| 1.19332 |2632.7 |551,541 907| 822,649] 746,142,643|30.1164|9.6799] I1-10254 2849.4 |646,107 
839] 703,921| 590,580,719 28.9655/9.4316) 1.109189 [2635.8 |552,858 908] 824,464) 748,613,312|30.1330/9.6834| 1.10132 |2852.6 |647,533 
840] 705,600] 592,704,000 28.9828'9.4354| 1.19048 |}2638.9 |554,177 900| 826,281) 751,089,429|30.1496)9.6870} I.100IT 2855.7 |648,960 
841| 707,281| 594,823,321/29.000019.4391| 1.18906 |2642.1% |555,497 910] 828,100] 753,571,000|30.1662/9.6905| 1.00890 |2858.8 |650,388 
842) 708,964 596,947,688 |29.0172,9.4429 1.18765 |2645.2 |556,819 911| 829,921| 756,058,031/30-1828/9.6041| 1.00769 |2862.0 |651,818 
843| 710,649] 599,077,107 29.0345|9.4466| 1.18624 |2648.4 |558,142 912| 831,744] 758,550,528/30-1993|/9.6976| 1.09649 |2865.1 |653,250 
844| 712,336] 601,211,584 20.0517/9.4503| 1.18483 |2651.5 559,467 913] 833,560] 761,048,497/30.2159/9.7012| 1.09529 |2868.3 |654,684 
845, 714,025| 603,351,125|29.0689/9.4541| 1.18343 2654.6 |560,794 914] 835,306] 763,551,944|30.2324/9.7047| 1.09409 |2871.4 |656,118 
846) 715,716) 605,495,736 29.0861 9.4578| 1.18203 |2657.8 |562,122 915] 837,225) 766,060,875|/30.2490|9.7082) 1.09200 2874.6 |657,555 
847| 717,409 607,645,423 2910339. 4615 1.18064 |2660.9 |563,452 916] 830,056] 768,575,296|30.2655/9.7118| 1.09170 |2877.7 |658,993 
848] 719,104| 609,800,192|29.1204/9.4652 1.17925 |2664.1 564,783 917| 840,889] 771,095,213|30.2820/9.7153 1.09051 [2880.8 |660,433 
849] 720,801 611,960,049|29.1376 9.4690 1.17786 |2667.2 |566,116 918] 842,724] 773,620,632/30.2985/9.7188] 1.08032 2884.0 |661,874 
850| 722,500) 614,125,000)29.1548|9.4727| 1.17647 |2670.4 |567,450 919] 844,561| 776,151,559/30-3150|9.7224| 1.08814 |2887.1 663,317 
851| 724,201| 616,295,051/29.1719|9.4764| 1.17509 |2673.5 |568,786 920| 846,400) 778,688,000|30.3315/9.7259| 1.08696 |2890.3 |664,761 
852) 725,904 618,470,208|20 . 1890/9. 4801 1.17371 |2676.6 |570,124 921| 848,241| 781,220,961/30.3480|9.7294| 1.08578 |2893.4 |666,207 
853] 727,609| 620,650,477|29.2062/9.4838| 1.17233 |2679.8 |571,463 922) 850,084| 783,777,448] 30-3645|9.7329| 1.08460 2806.5 |667,654 
854| 729,316| 622,835,864/29.2233/9.4875| 1.17096-|/2682.9 |572,803 923] 851,920] 786,330,467|30-3809/9.7364| 1.08342 |2899.7 |669,103 
855| 731,025| 625,026,375|29.2404|/9.4912| 1.16059 |2686.r |574,146 924) 853,776) 788,889,024] 30.3974|9.7400) 1.08225 |2902.8 670,554 
856| 732,736| 627,222,016/29.2575|/9.4049| 1.16822 |2689.2 |575,490 925] 855,625] 791,453,125|30-4138|9-7435| 1.08108 |2906.0 |672,006 
857| 734,449| 629,422,793|29.2746|9.4986| 1.16686 |2692.3 |576,835 926] 857,476] 794,022,776|30.4302|9.7470| 1.07991 |2909.1 |673,460 
858] 736,164] 631,628,712/29.2916,9.5023, 1.16550 |2605.5 |578,182 927| 850,320\»796,597,983|30-4467|/9.7505| 1.07875 |2912.3 |674,915 
859) 737,881) 633,839,779|29-3087|9.5060| 1.16414 |2698.6 |579,530 928] 861,184] 790,178,752/30-4631/9.7540| 1.07759 |2915.4 |676,372 
860| 739,600 636,056,000/29.3258|9.5007| 1.16279 |2701.8 |580,880 929) 863,041| 801,765,089] 30.4795|9.7575| 1.07643 |2918.5 |677,831 
861| 741,321| 638,277,381|29.3428/9.5134| 1.16144 |2704.9 |582,232 930) 864,900] 804,357,000/30.4959/9.7610| 1.07527 |2921.7 679,291 
862| 743,044) 640,503,928 29.3598|9.517I| 1.16009 |2708.1 |583,585 931) 866,761| 806,954,491|30.5123|9.7645| 1.07411 |2924.9 |680,752 
863] 744,769) 642,735,047|29.3769|9.5207| 1.15875 |2711.2 |584,940 932| 868,624] 800,557,568|/30.5287/9.7680| 1.07296 |2928.0 682,216 
864] 746.496, 644,972,544/29.3939/9.5244| 1.15741 |2714.3 |586,207 933] 870,480| 812,166,237|/30-5450|/9.7715| 1.07181 |2931.1 |683,680 
865] 748,225] 647,214,625/29.4109/9.5281) 1.15607 [2717.5 |587,655 934] 872,356] 814,780,504] 30.5614|9.7750| 1.07066 |2034.2 |685,147 
866) 749,956) 649,461,806 20.4279/9.5317| 1.15473 2720.6 |589,014 935| 874,225] 817,400,375|30.5778|/9-7785| 1.06952 |2037.4 |686,615 
867| 751,689] 651,714,363 29.4449 9.5354| 1.15340 |2723.8 [590,375 936} 876,096] 820,025,856/30.5941|9.7819] 1.06838 |2040.5 |688,084 f 
868] 753,424| 653,.972,032/29.4618|9.5391| 1.15207 |2726.9 |591,738 937| 877,969| 822,656,953|30.6105|9.7854| 1.06724 |2043.7 |680,555 | 
869 755,161 656,234,909 20.4788 9.5427 I.15075 |2730.0 |593,102 938] 879,844] $25,203,672|30.6268/9.78809| 1.06610 |2046.8 |691,028 
870) 756,900 658,503,000/29.4958)9 5464 _ 1.14943 |2733-2 |594,468 939] 881,721) 827,936,019|30.6431|9.7924| 1.06406 |2950.0 |692,502 
871) 758,641 660,776,311/29.5127/9.5501 I.1481I |2736.3 |595,835 940] 883,600] 830,584,000/30.6594/9.7959| 1.06383 |2953.r |693,978 
a dag 663,054,848 29.5206 9.5537) 1.14679 |2739.5 |597,204 941| 885,481| 833,237,621|30-6757|9-7993| 1.06270 |2956.2 |605,455 
873) 762,129} 665,338,617|29.5466\9.5574| 1.14548 |2742.6 |598,575 942) 887,364] 835,896,888] 30.6920/9.8028] 1.06157 |2959.4 |696,934 
874) 763,875 ©07;,6275024/ 29: 5935/9 55020 1.14416 |2745.8 |599,947 943] 880,249] 838,561,807] 30.7083/9.8063) 1.06045 |2962.5 [698,415 
875) 765,625 669,921,875|29 5804/9. 5647 1.14286 |2748.9 |601,320 044] 891,136] 841,232,384|30.7246|9-8097| 1.05932 |2065.7 |699,807 
876| 767,376 672,221,376/29 .5973|9 . 5683 I.I4155 |2752.0 |602,606 945| 893,025| 843,908,625|30.7409/9.8132| 1.05820 |2968.8 |701,380 
877 709,129) 674,526,133)29.6142/9.5719 I.14025 |2755.2 |604,073 946] 894,916| $46,500,536|30.7571|9-8167| 1.05708 |2971.9 |702,865 | 
878) 770,884) 676,836,152)29.6311/9.5756) 1.13895 |2758.3 605,451 947| 896,800] 849,278,123|30-7734|9.8201| 1.05507 |2975.1 |704,352 i 
879| 772,641) 679,151,439 29.6479'9.5792 1.13766 |2761.5 |606,831 948| 898,704] 851,971,392/30.7896|9.8236| 1.05485 |2978.2 |705,840 i 
B50) 774,400) 681,472,000 29.6648|9.5828| 1.13636 |2764.6 |608,212 949] 900,601| 854,670,349|/30.8058/9.8270] 1.05374 |2981.4 |707,330 i 
Seay 182 683,797,841|29 .6816 9. 5865 1.13507 |2767.7 |600,595 950| 902,500] 857,375,000| 30.8221|9.8305| 1.05263 |2984.5 |708,822 i 
882 777,924 686,128,968 29.6985|\9.5901| 1.13379 |2770.9 |610,980 951| 904,401] 860,085,351|30.8383/9.8330] 1.05152 |2987.7 |710,315 } 
883] 779,089] 688,465,387 29.7153|9.5937| 1.13250 |2774.0 |612,366 952| 906,304| 862,801,408] 30.8545|/9.8374| 1.05042 |2990.8 |711,800 | 
eH ea. eet eee ee See rie ee 953] 908,200) 865,523,177|30.8707/9.8408] 1.04032 |29903.9 |713,306 
oa be ee Me ence. : -12994 |2780.3 15,143 254) 910,116} 868,250,664|30.8869/9.8443] 1.04822 |2007.1 |714,803 
; ; : \29. \9 604 I.12867 |2783.5 |616,534 955| 912,025] 870,983,875|30.9031|9.8477| 1.04712 |3000.2 |716,303 
887 788,769! OO SON 103) 207 e272) 9-C0e7 1.12740 |2786.6 |617,927 956| 913,936| 873,722,816|/30.9192/9.8511} 1.04603 |3003.4 |717,804 
888) 788,544) 700,227,072\29.7993|9.6118) 1.12613 2789.7 |619,321 957| 915,849] 876,467,493] 30.9354/9.8546| 1.04493 |3006.5 |719,306 
os Pee le eae aa es Pe 958| 917,764] 879,217,912|/30.9516/9.8580| 1.04384 |3009.6 |720,810 
peel es: ee Bes 0 |2790.0 eee 959| 919,681] 881,074,079|/30.9677|/9.8614] 1.04275 |3012.8 |722,316 
ne ee, Ce ae poe soe seats: ees ee 960) 921,600] 884,736,000] 30.9839/9.8648| 1.04167 |3015.9 |723,823 
893 797.449| q32 141,957 g6 e8a5 Ses08 ae 82 a . wee sal aso rea Br oppo Sneed eh se ie aan eee 
d aad | : ; »219 5-4 20,315 962| 925,444| 89°,277,128/31.0161/9.8717] 1.03950 |3022.2 |726,842 
salle terrarsbe nce] carat rent feoiae pel sevaalles gut eee oa) gael 
806, 802,816 719,323,136) 29 .9333 9 .6406| I.11607 |281 6 6 - . ae Lane APM Lom as. |. 
807 804 609) 721,734,273129.9500.9.6442! eee ine os is 995) 9371725) BON Oa ares ote ai aes ee ae 
jl : ; E 5 : 31,9038 966) 933,156] 901,428,696) 31.0805/9.8854| 1.03520 |3034.8 |732,809 
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TABLE 20.—SQUARES, CUBES, SQUARE Roots, CuBE Roots, RECIPROCALS, CIRCUMFERENCES AND CIRCULAR Arras—(Continued) 
No. | Square Cube mk oo. eooex ee No. | Square Cube oc oe eae A Nees 
root root recip. Circum. Area root root recip. Circum. Area 
967| 935,089] 904,231,063/31.0966\9. 8888] 1.03413 |3037.9 |734,417 984) 968,256] 952,763,004|31.3688]/9.9464] 1.01626 |3091.3 |760,466 
968] 937,024] 907,039,232|31.1127/9.8022| 1.03306 |3041.1L |735,937 985] 970,225] 955,671,625|31.3847|9.9497] 1.01523 |3004.5 |762,013 
969] 938,061| 900,853,200] 31. 1288}9.8056] 1.03109 |3044.2 |737,458 086] 972,196] 958,585,256/31.4006|9.9531] 1.01420 [3007.6 |763,561 
970| 940,900) 912,673,000/31.1448)9.8090| 1.03003 |3047.3 |738,081 987| 974,160] 961,504,803|/31.4166/9.9565| 1.01317 |3100.8 765,111 
971| 942,841) 915,4098,611\31.1600\9.9024| 1.02987 |3050.5 |740,506 988) 976,144] 964,430,272|31.4325|9.9598| 1.01215 |3103.9 766,662 
972] 944,784) 918,330,048/31.1760|9.0058] 1.02881 |3053.6 |742,032 980] 978,121] 967,361,660/31.4484/9.9632| 1.01112 |3107.0 |768,214 
973| 946,729| 921,167,317|31.1920/9.9092] 1.02775 |3056.8 |743,559 990| 980,100] 970,299,000]31.4643|9.9666| 1.01010 |3110.2 |769,769 
974| 948,675] 924,010,424|/31.2090/9.9126| 1.02669 |3059.9 745,088 991) 982,081] 973,242,271/31.4802|9.9609| 1.00908 |3113.3 |771,325 
075} 950,625| 926,850,375|31.2250/9.9160} 1.02564 |3063.1 |746,619 992| 984,064| 976,101,488/31.4960]9.9733| 1.00806 |3116.5 |772,882 
976] 952,576| 929,714,176/31.2410|/9.9194] 1.02459 |3066.2 |748,15I 993| 986,049] 979,146,057/31.5119/9.9766| 1.00705 |3119.6 |774,441 
977| 954,529} 932,574,833|31.2570/9.9227| 1.02354 |30690.3 |740,685 994| 988,036| 982,107,784|31.5278]9.9800] 1.00604 |3122.7 776,002 
978| 956,484} 935,441,352/31.2730|9.9261| 1.02249 |3072.5 |751,221 905| 990,025] 985,074,875/31.54360/9.9833] 1.00503 |3125.9 |777,564 
979| 958,441| 938,313,739|31.2800.9.9205| 1.02145 |3075.6 |752,758 996] 992,016] 988,047,936)31.5595|9.9866] 1.00402 }3129.0 |779,128 
980) 960,400} 941,192,000] 31.3050/9.9320| 1.02041 |3078.8 |754,206 997| 994,000) 991,026,073\/31-5753]/9.9900) 1.00301 |3132.2 780,693 
981! 962,361) 944,076,141) 31. 3200/9.9363 1.01037 |3081.9 |755,837 998] 996,004| 994,011,902)31.5911|/9.9933]} 1.00200 |3135.3 782,260 
082) 964,324! 946,066,168) 31.3360/9.9306) 1.01833 |3085.0 | 757,378 999] 998,001! 997,002,099|31.6070'9.9967| 1.00100 |}3138.5 |783,828 
983) 966,280 040,862,087| 31. 3528/9.0430| 1.01729 13088.2 |758,922 
TABLE 21.—AREAS AND CIRCUMFERENCES OF CircLtes—DectmaL DIVISIONS 
Diam- | n Circum- Diam- A Circum- Diam- K Circum- Dia- IK Circum- 
eter Ae ference eter aoa ference eter aes ference eter ae ference 
0.0 a 15.9043 P4213 72 9.0 63.6173 28.2743 ast 143.1388 42.4115 
aE .007854) -31416 .6 16.6190 14.4513 Shi 65.0388 28.5885 6 145.2672 42.7257 
re} .O3I416| 62832 od 17.3404 14.7655 fe) 66.4761 28.9027 Rez) 147.4114 43.0398 
23 .070686 .94248 | 8 18.0056 15.0796 Be 67.9291 29.2168 8 149.5712 43.3540 
-4 ~12566 1.2566 .9 18.8574 15.3938 <i 69.3978 29.5310 -9 151.7468 43.6681 
5 19635 1.5708 5.0 19.6350 15.7080 eS: 70.8822 29.8451 I4.0 153.9380 43.9823 
.o 28274 1.8850 | = 20.4282 16.0221 .6 72.3823 30.1593 See 156.1450 44.2965 
7 - 38485 2.1991 | a 21.2372 16.3363 ys 73.8081 30.4734 me 158.3677 44.6106 
.8 | 50265 2. SE33°° 23 22.0618 16.6504 .8 75.4296 30.7876 a 160.6061 44.9248 
.9 63617 | 2.8274 | 4 22.9022 16.9646 9 76.9769 31.1018 -4 162.8602 45.2389 
1.0 7854 3.1416 | 5 23.7583 17.2788 10.0 78.5398 31.4159 1 165.1300 45.5531 
ok +9503 3.4558 .6 24.6301 17.5929 aft 80.1185 ZieigoL -6 167.4155 45.8673 
<2 I.I310 3.7609 7 25.5176 17.9071 a2. 81.7128 32.0442 sa 169.7167 46.1814 
+3 1.3273 4.0841 8 26.4208 La PAR) 33) 83.3229 32.3584 .8 172.0336 46.4956 
4 1.5304 4.3982 9 27.3397 18.5354 A 84.9487 32.6726 9 174.3662 46.8097 
-s I.7671 4.7124 | 6.0 28.2743 18.8496 3 86.5901 32.9867 15.0 176.7146 47.1239 
me) 2.0106 BeOgOs:, || Bi: 29.2247 19.1637 .6 88.2473 34.3009 ask 179.0786 47.4380 
7 2.2608 5.3407 2 30.1907 19.4779 e1h 89.9202 33.6150 -2 181.4584 47.7522 
8 2.5447 5.6549 ns STE 7 25 19.7920 .8 91.6088 33.9202 23 183.8539 48.0664 
.9 2.8353 5.9600 \| 4 32.1699 20.1062 eye 93.3132 34.2434 wh 186.2650 48.3805 
2.0 3.1416 6.2832 -5 33.1831 20.4204 II.0 95.0332 34.5575 25 188.6919 48.6047 
a 3.4630 6.5973 .6 34.2119 20.7345 a 96.7689 34.8757 .6 I9Q1I.1345 49.0088 
2 3.8013 6.9115 xa} 35.2505 21.0487 ma 98.5203 35.1858 out 193.5928 49.3230 
+3 4.1548 7.2257. | .8 36.3168 21.3628 | 100. 2875 35.5000 .8 196.0668 49.6372 
-4 4.5239 7.5308 | 9 37-3928 21.6770 -4 102.0703 35.8142 9 198.5565 49.9513 
ah 4.9087 7.8540 | 7.0 38.4845 21.991L 5S 103.8689 36.1283 16.0 201.0619 50.2655 
.6 5.3093 8.1681 ape 39.5919 22.3053 .6 105.6832 30.4425 aE 203.5831 50.5796 
7 5.7256 8.4823 «2 40.7150 22.6105 My 107.5132 36.7506 mea 206.1199 50.8938 
an 6.1575 8.7965 a) 41.8539 22.0336 .8 109.3588 37.0708 me 208.6724 51.2080 
9 6.6052 9.1106 wh, 43.0084 23.2478 <0. III.2202 37.3850 4 211.2407 Bilis 22k 
| 
ZeO 7.0686 9.4248 “53 44.1786 23.5619 12.0 113.0073 37.6001 a5 213.8246 51.8386 
ah SAT a 9.7389 .6 45.3646 23 S761 a8 II4.9901 38.0133 .6 216.4243 52.1504 
+2 8.0425 10.0531 “Arh 46.5663 24.1903 5B 116.8987 38.3274 Buf 219.0397 52.4646 
eet 8.5530 10.3673 8 47.7836 24.5044 We) 118.8229 38.6416 no) 221.6708 52.7788 
aA: 9.0792 10.6814 .9 49.1067 24.8186 4 120.7628 38.9557 -9 224.3176 53.0929 
ae 9.6211 10.9956 8.0 50.2655 25.1327 as 122.7185 39.2609 17.0 226.9801 53-4071 
6 10.1788 IIL .3097 wk 51.5300 25.4469 .6 124.6808 39.5841 aie 229.6583 Sseieke 
ay) 10.7521 ET.0230° | 7} 52.8102 25.7611 Ay 126.6769 39.8082 ae 232.3522 54.0354 
.8 TI. S4LE II.9381 7 54.1061 26.0752 .8 128.6706 40.2124 ae 235.0618 54.3406 
9 II.9459 12.2522 -4 55-4177 26.3894 9 130.6981 40.5265 4 237.7871 54.6037 
4.0 12.5664 12.5664 ss 56.7450 26.7035 13.0 132.7323 40.8407 75 240.5282 54.9779 
pd 13.2025 12.8805 .6 58.0880 2 OL GG aX 134.7822 41.1549 .6 243.2849 55.2920 
2 13.8544 13.1947 a 59.4468 27.3319 2 136.8478 41.4690 “7 246.0574 55.6062 
23 I4.5220 13.5088 8 60.8212 27.6460 +3 138.9201 41.7832 .8 248.8456 55.9203 
<4 15.2053 13.8230 .9 62.2114 27.9602 wa: I41.0261 42.0973 .9 251.6494 56.2345 
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TABLE 21.—AREAS AND CIRCUMFERENCES OF CrrcLes—DrcimaL Divis1ons—(Continued) 
Diam- | Circum- Diam- Circum- Diam- Circum- Diam- Circum- 
Area Area Area Area 
eter ference || eter ference eter ference eter ference 
Teo | 254.4600 56.5487 ats 471.4352 76.9600 31.0 754.7676 97.3804 a5 I104.4662 117.8097 
aire | 257.3043 56.8628 .6 475.2916 TA e2832 a 759.6450 97.7035 XS II10.3645 118.1239 
2 |. 20055553 ity aoe snive oF 479.1636 77-5973 P) 764.5380 98.0177 Myf I116.2786 118.4380 
-3 | 263.0220 57.4911 .8 483.0513 77.9115 as 769.4467 08.3319 .8 I122.2083 118.7522 
-4 | 265.9044 57.8053 9 486.9547 78.2257 na 774.3712 98.6460 9 1128.1538 II9.0664 
-§ | 268.8025 58.1195 || 25.0 490.8739 78.5398 .5 779.3113 98.9602 38.0 II34.1149 T1I9.3805 
16 |) “27r 7763 58.4336 ap! 494.8087 78.8540 6 784.2672 99.2743 I I140.00918 119.6047 
i § | 274.6459 58.7478 a2 498.7592 79.1681 if 789.2388 99.5885 2 I146.0844 120.0088 
Ri || ee areca 59.0619 a8 502.7255 79.4823 ots) 794.2260 99.9026 #3 II52.09027° 120.3230 
-9 280.5521 59.3761 -4 506.7075 79.7965 9 799.2200 100.2168 4 I158.1167 120.6372 
EQnON 28305297 59.6903 25; 510.7052 80.1106 32.0 804.2477 100.5310 a5, I164.1564 120.9513 
aa 286.5211 60.0044 .6 514.7185 80.4248 = 809.2821 100.8451 .6 I170. 2118 121.2655 
22 289.5292 60.3186 if 518.7476 80.7389 a2 814.3322 IOI.150903 7, 1176. 2830 121.5796 
Pe} 292.5530 60.6327 .8 522.7924 81.0531 33 819.3980 IOI .4734 8 1182.3608 121.8038 
ohh 205.5925 60.9469 .9 526.8529 81.3672 4 824.4796 101.7876 9 1188.4723 122.2080 
as 208.6477 6E-2650 4} 26.0 530.9292 81.6814 aS 820.5768 102.1018 39.0 I194.5906 Reg 5e2 4 
-6 301.7186 61.5752 Au 535.0211 81.9056 a 834.6807 102.4159 oi 1200.7246 122.8363 
ee O04 SOS2 61.8804 a2 539.1287 82.3007 ays 839.8184 102.7301 oF 1206.8742 123.1504 
8 307.9075 62.2035 5B 543.2521 82.6239 8 844.9628 103.0442 a3 I213.0396 123.4646 
-9 311.0255 62550771 4 547.3911 82.9380 Ag) 850.1229 103.3584 4 I21Q.2207 123.7788 
20.0 | 314.1593 62.8319 as 551.5459 $3.2522 33.0 855.2086 103.6726 ns 1225.4175 124.0929 
-I |- 317-3087 63.1460 .6 555.7163 83.5664 wi 860.4902 103.9867 .6 I231.6300 124.4071 
ae 320.4739 63.4602 5G} 559.9025 83.8805 ae 865.6973 104.3009 a7 1237.8582 124.7212 
aS 323.6547 63.7743 .8 564.1044 84.1047 BS) 870.9202 104.6150 .8 I244.1021 125.0354 
4 326.8513 64.0885 -9 568.3220 84.5088 a 876.1588 104.9292 9 I250.3617 125.3495 
es 330.0636 64.4026 27.0 572.5553 84.8230 “8 881.4131 105.2434 40.0 1256.6371 125.6637 
.6 333.2016 64.7168 age 576.8043 85.1372 .6 886.6831 105.5575 al 1262.9281 125.9779 
Hie 336.5353 65.0310 52 581.0690 85.4513 RG} 801.9688 105.8717 B 1269. 2348 126.2920 
8 339-7947 65.3451 a3 585.3494 85.7655 8 807.2703 106.1858 ae 1275.5573 126.6062 
.9 343.0698 65.6503 4 589.6455 86.0796 19 902.5874 106.5000 -4 1281.8055 126.9203 
21.0 346.3606 65.9734 a5. 593.9574 86.3038 34.0 907.9203 106.8142 25 1288. 2403 1 sya 
ME 349.6671 66.2876 .6 598.2849 86.7080 sit 913.2688 107.1283 56) 12904. 6189 127.5487 
2 352.9803 66.6018 | si 602.6282 87.0221 +2 918.6331 107.4425 ar I301.0042 127.8628 
a3 85023273 66.9159 .8 606.9871 87.3363 43 924.0131 107.7566 .8 1307.4052 128.1770 
-4 359.6809 67.2301 | -9 611.3618 87.6504 4 929.4088 108.0708 9 I313.8219 128.4011 
aS 363.0503 67.5442 | 28.0 ONS. 7522 87.9646 ai 934.8202 108.3846 41.0 1320.2543 128.8053 
.6 366.4354 67.8584 ae 620.1582 88.2788 .6 940.2473 108.6001 ali 1326.7024 129.1195 
auf 369.8361 68.1726 | WP 624.5800 88.5029 ay 945.6901 109.0133 a2 1333.1663 129.4336 
zg 373 2526 68. 4867 B 629.0175 88.9071 8 951.1486 109.3274 3 1339.6458 129.7478 
9 376.6848 68.8009 -4 633.4707 89.2212 9 956.6228 109.6416 oh 1346.1410 130.0619 
22.0 380.1327 69.1150 ais 637.9397 89.5354 35.0 962.1127 109.9557 5 1352.6520 130.3761 
ie na 5963 69.4292 | .6 642.4243 89.8405 aut 967.6184 II0. 2699 .6 1359.1786 130.6903 
3 387.0756 69.7434 | aut 646.9246 90.1637 <2 973.1397 IO. 5841 Mf 1365.7210 131.0044 
nes 390.5707 FOROSTES = 1 .8 651.4406 90.4779 ae} 978.6768 I10. 8982 ots) LE (ETON 131.3186 
-4 394.0814 TOs yu 7 20) 655.9724 90.7920 afk 984.2296 EP a2 non: 9 1378.8529 IB 216327 
. ne nae Lee ee ay ee 91.1062 aS 989.7980 III .5205 42.0 1385.4424 131.9469 
-7 | 404.7078 | 71.3142 - 665.661 ee teil SO ERSO88) then ta eee -I | 1392.0476 | 132.2611 
2 ean eee | i be . be eee ao 1000.9821 I12.1549 <P 1398: 6685 E3257 52 
.9 | 411.8706 71.9425 | 4 be ee eee = Sag hes OO ae im ngeais 689 -3 | 1405.3051 | 132.8804 
A | . 92.3628 -9 I012.2290 112.7832 ate [411.9574 133.2035 
| 

aye ie abe tiene | = eee eS: 36.0 I017.8760 113.0073 a I418.6254 LBS ST 
me 422.7327 72.8849 | i ae one : ae coe! Pes ti ahs io ok 
ie oe eas aoe | a eRe aries -2 1029.2172 113.7257 7 1432.0086 134.1460 
ie ea we | Bs ee fe 3 93.0195 3 1034.9113 114.0398 8 1438 .7238 134.4602 
| : 153 93.9336 -4 | 1040.6211 114.3540 9 1445.4546 | 134.7743 
& 433 Goes 73.8274 | 30.0 706.8583 94.2478 ai 1046.3467 114.6681 43.0 I452.2012 135.0885 
437-4354 74.1416 | nok Tele ROO 94.5619 .6 1052.0880 114.9823 Sie 1458 .9635 135.4026 
ef 441 ane I ASS), 2 716.3145 94.8761 a 1057 .8449 II5.2065 2 1465.7415 135.7168 

444 09 74.7699 | = 721.0662 95.1903 .8 1063.6176 115.6106 3 1472.5352 136 
a BAS OGS CFR ae 725.8336 95.5044 .9 | 1069.4060 | 115.9248 a peas emia 
| : . 479.3446 136.3451 
i oa pe eo 1 aks ee 95.8186 37.0 I075.2101 116.2380 a5) 1486. 1697 136.6503 

45 7 75.7124 | © 735-4154 96.1327 Be I081.0299 I16.5531 .6 493.010 6 
% is ae 70.0265 | v 740.2299 96.4469 .2 1086.8654 116.8672 27 er Shc 

E : 7 Z hae | , 745.0601 96.7611 a I0902.7166 II7.1814 8 1506. I 
-4 467.5946 76.6549 || 9 749.9060 97.0752 -4 1098 . 5835 I17.4956 9 Ps aoeage 
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Diam- Circum- Diam- Circum- Diam - Circum- Diam- Circum- 
eter area ference- eter a ference eter Gee ference eter Aare ference 
44.0 1520. 5308 138.2301 ar 2002.9617 158.6504 57.0: | 2551.7586 179.0708 cis 3166.9217 199.4911 
Er 1527.4502 138.5442 .6 2010.9020 158.9646 Hai 2560.7200 179.3849 .6 3176.9041 199.8053 
oa 534.3853 138 .8584 7 2018. 8581 159.2787 nF} 2569.69071 179.6901 it 3186.9023 200.1195 
qe) I541.3360 139.1726 8 2026.8200 159.5929 =3 2578.6809 180.0133 8 3196.9161 200.4336 
4 1548 .3025 139.4867 .9 2034.8174 159.9071 4 2587.6084 180.3274 .9 3206.9456 200.7478 
ray I555.2847 139.8009 tO 2042.8206 160.2212 af 2506.7227 180.6416 64.0 3216.9900 201.0620 
.6 1§62.2826 140.1150 ee 2050. 8305 160.5354 .6 2605.7626 180.0557 nak 3227.0518 201.3761 
ey 1569. 2062 140.4202 if 2058.8742 160.8405 a 2614.8182 181.2699 <2. 3237 ..1285 201.6902 
8 1576.3255 140.7434 a3 2066.9245 161, 1637 .8 2623 .8806 181.5841 ws 3247.2209 202.0044 
9 1583.3705 I41l.0575 va 2074.9905 161.4779 9 2632.9766 181.8082 4 3257.3289 202.3186 
45.0 1590.4313 141.3717 as 2083.0723 161.7920 58.0 2642 .0704 182.2124 5 3267.4527 202.6327 
a 1597 .5077 141.6858 .6 2001.16907 162, 1062 a2 2651.1979 182.5265 .6 3277.5922 202.9469 
eS 1604.5999 142.0000 7 2009. 28290 162.4203 a] 2660.3321 182.8407 At 3287.7474 203.2610 
3 I6O1I.7077 TA 2 3T4r 8 2107.4118 162.7345 Re 2669 .4820 183.1549 .8 3297 .9183 203.5752 
ae 1618 .8313 142.6283 9 2115.5563 163.0487 mae 2678 .6475 183.4600 9 3308. 1049 203.8894 
5 1625.9705 142.0425 52.0 2123.7166 163.3628 5 2687 .82890 183.7832 65.0 3318.3072 204.2035 
-6 1633.1255 | 143.2566 Ra 2131.8026 163.6770 .6 26907.0259 184.0073 or 3328.5253 204.5177 
ey) 1640. 2062 | 143.5708 o2 2140.0843 163.90IT Sy} 2706. 2386 184.4115 ee 3338.7590 204.8318 
.8 1647. 4826 143.8840 a 2148. 2017 164.3053 8 2715.4670 184.7256 a 3349.0085 205.1460 
9 1654.6847 144.1901 4 2156.5149 164.6105 .9 ZU2A TITS 185.0398 4 3359.2730 205.4602 
46.0 | 1661.9025 | 144.5133 .5 | 2164.7537 | .164.9336 59.0 | 2733.9710 | 185.3540 .5 | 3369.5545 | 205.7743 
a 1669. 1360 144.8274 .6 2173.0082 165.2478 ok 2743.2465 185.6681 .6 3379-8510 206.0885 
2 1676.3852 | 145.1416 af 2181.2785 165.5619 a 2752.5378 185.9823 BY 3390. 1633 206.4026 
“S 1683.6502 | 145.4557 8 21890.5644 165.8761 <Q 2761 .8448 186.2064 .8 3400. 4913 206.7168 
of 1690.9308 145.7609 Ke 21907.8661 166.1903 4 27795 OTS 186.6106 9 3410.8350 207.0310 
=a 1698.2272 | 146.0841 53.0 2206.1834 166.5044 a5 2780.5058 186.9248 66.0 3421.1944 207.3451 
.6 1705.5302 | 146.3982 re 2214.5165 166.8186 als 2739.8599 187.2389 Ph 3431.5605 207.6593 
oF 1712.8670 146.7124 «2 2222.8653 167.1327 <ve 2799.2207 187.5531 52 3441.9603 207.9734 
8 1720.2105 | 147.0265 3 2231.2208 167.4469 8 2808 .6152 187.8672 aK} 3452 .3669 208.2876 
.9 1727.5606 | 147.3407 4 2239.6100 167.7610 9 2818.0165 188.1814 na 3462.78901 208.6017 
47.0 1734.9445 147.6540 HS 2248 .0059 168.1752 60.0 2827.4334 188.4956 as 3473.2270 208.9159 
cf 1742.335I | 147.9690 26 2256.4175 168.3804 oa 2836.8660 188.8007 .6 3483 .6807 209.2301 
~a 1749-7414 | 148.2832 ay} 2264.8448 168.7035 of} 2846.3143 189.1239 ay | 3494.1500 209.5442 
a 1757.1634 148.5073 28 2273.2879 169.0177 23 2855.7784 189.4380 .8 3504.6351 209.8584 
4 1764.6012 148.9115 .9 2281.7466 169.3318 4 2865.2582 189.7522 <9 3515.1359 210.1725 
S I1772.0546 149.2257 54.0 2290.2210 169.6460 obs 2874.7536 190.0664 67.0 3525 .6524 210, 4867 
.6 £779 -5237 149.5308 Aas 2208.7112 169.9602 .6 2884.2648 190.3805 a 3536.1845 210.8009 
cf 1787 .0086 149.8540 :Z 220020 pe 170.2743 nb 2893.7917 190.6047 m2 3546.7324 215.1150 
-8 1794.5001 150.1681 -3 2315.7386 170.5885 .8 2003 .3343 191.0088 a3 3557-2960 211.4292 
9 1802.0254 150.4823 -4 2324.2759 170.9026 9 2912.8925 I91.3230 4 3567 .8754 211.7433 
48.0 1809.5574 | 150.7964 5 2332.8289 171.2168 61.0 2922.4666 191.6372 os 3578.4704 212.0575 
=a § i817.1050 I51.1106 .6 2341 .3976 I7I.5310 nD 932.0563 I9QI.9513 .6 3589.0811 212. 37 ET 
a 1824.6684 151.4248 Pah 2349.9820 171.8451 <2 2041.6617 192.2655 i 3599.7075 212.6858 
“3 1832.2475 I51.7389 .8 2358.5821 172.1593 3 29051.2828 192.5796 .8 3610.3497 213.0000 
4 1839.8423 | 152.0531 .9 2367.1979 172.4734 4d) 2960.9196 192.8938 9 3621.0075 213.3141 
nis 1847.4528 152.3672 55.0 2375 .8204 172.7876 ak 2070.5722 193.2079 68.0 3631.6811 213.6283 
.6 1855.0790 152.6814 op 2384.4767 173.1018 .6 2980.2404 193.5221 ait 3642.3704 213.9425 
-7 | 1862.7210 52.9056 .2 | 2393.1306 | 173.4159 .7 | 2989.9244 | 193.8363 .2 | 3653.0754 | 214.2566 
Be 1870.3786 53.3007 cs 2401.8183 173-730 8 29000 .6241 194.1504 18 3663 .7960 214.5708 
9 1878.0519 153.6239 aA 2410.5126 174.0442 9 3009 . 3394 194.4646 -4 | 3674.5324 214.8849 
49.0 1885.7410 153.9380 5 2419 .2227 174.3584 62.0 3019.0705 194.7787 a 3685. 2845 215.1991 
ey 1893.4457 154.2522 6 2427 .9485 174.6726 I 3028 .8173 195.0929 6 3696 .0523 215.5133 
2 1901. 1662 154.5664 at 2436.6809 174.9867 Be 3038 .5708 195.4071 9 3706. 8359 215.8274 
3 1908 .9024 154.8805 8 2445 .4417 175.3009 eS 3048. 3580 195.7212 8 3717-6351 216.1416 
+4 I916.6543 155.1947 9 2454 .2200 175.0150 .4 | 3058.1519 196.0354 9 3728.4500 216.4556 
ag I924.4218 155.5088 56.0 2463 .0086 175.9292 us 3067 .9616 196.3495 69.0 3739.2807 216.7699 
6 1932.2051 155.8230 eT 2471.8120 176.2433 .6 | 3077.7869 196.6637 ait 3750.1270 | 217.0841 
au 1940.0041 156.1372 2 2480 .6330 176.5575 .7 | 3087.6279 196.9779 a2 3760. 9801 217.3982 
8 1947.8189 | 156.4513 .3 | 2489.4687 176.8717 .8 | 3097.4847 197.2920 .3 | 3771.8668 | 217.7124 
.9 | 1955.6403 | 156.7655 .4 | 2498.3201 | 177.1858 40) 9) 320723570 197.6062 .4 | 3782.7603 | 218.0265 
50.0 | 1963.40954 | 157.0796 .5 | 2507.1873 | 177.5000 63.0 | 3117.2453 | 197.9203 .§ | 3793.6695 | 218.3407 
aE I971.3572 157-3938 .6 2516.0701 177.8141 ul: 3127.1492 198.2345 .6 3804.5944 218.6548 
.2 | 1979.2348 | 157.7080 .7 | 2524.9687 | 178.1283 .2 | 3137.0687 | 198.5487 .7 | 3815.5350 | 218.9690 
<3 1987.1280 158.0221 8 2533 .8830 178.4425 me '3147.0040 198.8628 .8 3826.4913 219.2832 
-4 1995 .0370 158.3363 9 2542.8129 178.7566 .4 | 3156.9550 199.1770 .9 | 3837-4633 219.5973 
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TABLE 21.—AREAS AND CIRCUMFERENCES OF CIRCLES—DECIMAL Drvisions—(Continued) 
Diam- Circum- Diam- Circum- Diam- Circum- Diam- Circum- 
Area | Area Area Area 
eter ference eter ference eter ference eter ference 
70.0 3848. 4510 219.9115 £5 4596.3464 240.3318 83.0 5410.6079 260.7522 nis 6291.2350 23% 11 7125) 
at 3850.4544 220.2256 .6 4608.3708 240.6460 ne 5423 .6534 261.0663 .6 6305.3021 281.4867 
<3 3870.4735 220.5398 =i7 4620.4110 240.9602 er) 5436.7146 261.3805 a7 6319.3843 281.8009 
a 3881.5084 220.8540 .8 4632.4668 241.2743 eS 5449.7914 201.6047 .8 6333.4822 282.1150 
4 3892.5589 221.1681 xe) 4644.5384 241.5885 af) 5462.8840 262.0088 .9 6347-5958 282.4292 
5 3903 .6252 221.4823 77.0 4656.6257 241.9026 38 5475-9923 262.3230 90.0 6361.7251 282.7433 
.6 3914.7072 221.7964 as 4668 .7287 242.2168 .6 5489.1163 262.6371 ik 6375.8701 283.0575 
yh 3925.8048 222.1106 a2 4680.8474 242.5310 ~ 9 5502.2560 262.9513 2. 6390.0308 283.3717 
.8 3936.9182 222.4248 eS) 4692.9818 242.8451 8 5515.4115 263.2055 ne 6404. 2073 283.6858 
.9 3948 .0473 222.7389 «4 4705.1319 243.1592 9 5528.5826 263.5796 one 6418.3994 284.0000 
71.0 3959.1921 223.0531 adn ATL RZD, 243.4734 84.0 5541.7694 263.8938 at 6432.6073 284.3141 
ok 3970.3526 223.3672 .6 4729.4792 243.7876 vt 5554.9720 264.2079 .6 6446. 8308 284.6283 
ee) 3981.5288 223.6814 i 4741.6765 244.1017 m2, 5568.1902 264.5221 ay 6461.0701 284.9425 
“ey 3992.7208 223.9956 .8 4753.8894 244.4159 ao 5581.4242 264.8363 .8 6475.3251 285.2506 
ak 4003.9284 224.3097 .9 4766.1180 244.7301 -4 5594.6738 265.1504 50) 6489.5958 285.5708 
aS 4015S A517 224.6239 78.0 4778 .3624 245.0442 5 5607 .9392 265.4646 91.0 6503 .8822 285.8849 
ae 4026.3908 224.9380 =e 4790.6225 245.3584 .6 5621.2203 205.7787 Ang 6518.1843 286.1991 
a7 4037.6455 225.2522 BP 4802.8982 245.6725 aie 5634.5171 206.0929 =2 6532.5021 286.5132 
.8 4048.9160 225.5664 aa 4815.1807 245.9867 .8 5647.8206 266.4071 73 6546.8356 286.8274 
9 4060. 2022 225.8805 4 4827.4969 246.3009 =O 5661.1578 266.7212 4 6561.1848 287.1416 
72.0 4071.5041 226.1947 5 4839. 81098 246.6150 85.0 5674.5017 267.0354 =5 6575-5497 287.4557 
Ss 4082.8216 226.5088 .6 4852.1584 246.9292 or 5687 .8613 267.3495 .6 6589.9304 287.7609 
2 4094.1549 226.8230 si 4864.5127 247.2433 a2 5701. 2367 267.6637 cH 6604.3267 288.0840 
A AI05.5039 2o7 13 7L .8 4876.8828 PMNS Sis) a3: 5714.6277 207.9779 .8 6618.7388 288.3982 
-4 4116. 8687 227.4513 9 4889.2685 247.8717 4 5728.0344 268 . 2920 9 6633.1666 288.7124 
aig 4128.2401 227.7655 719.0 4901 .6699 248.1858 aS 5741.4569 268.6062 92.0 6647.6100 289.0265 
.6 4139.6452 228.0796 wa A9I4.0871 248.5000 .6 5754. 8051 268.9203 “Ais 6662 .0692 289.3407 
of 4I51.0570 228.3038 a 49026.5199 248.8141 i 5768.3489 269.2345 22 6676.5441 289.6548 
.8 4162.4846 228.7079 aS 4938 .9685 249.1283 8 5781.8185 269.5486 ae 6691 .0347 289.9690 
9 4173.9278 229.0221 4 4951.4328 249.4425 .9 5795.3038 269.8628 -4 6705.5410 290.2832 
VES 4185.3868 229.3363 a5 4963.9127 249.7566 86.0 5808. 8048 2FOLLT TO dS 6720.0630 200.5973 
at 4196. 8615 229.6504 .6 4976. 4084 250.0708 ont 5822.3215 270.4911 .6 6734.6007 290.9115 
12 4208.3518 229.0646 a 4988 .9108 250.3849 22 5835 .8539 270.8053 Auf 6749.1542 291.2256 
23 4219.8579 230.2787 .8 5001.4469 250.6001 23 5849.4020 271.1194 8 6763.7233 291.5398 
ol 4231-3797 230.5929 9 5013.9807 251.0133 4 5862.9659 271.4336 9 6778. 3081 291.8540 
-5 4242.9172 230.9071 80.0 5026.5482 251.3274 -5 5876.5454 271.7478 93.0 6792.9087 292.1681 
0 4254.4704 PEER PE se 5039.1224 251.6416 .6 5890.1406 272.0619 sae 6807.5249 292.4823 
ey 4266.0393 231.5354 <2 5051.7124 251.9557 7 5903.7516 272.3761 .2 6822.1569 292.7964 
3 4277.6240 231.8405 a3 5064.3180 252.2699 8 5917.3782 272.6902 £3 6836.8046 293.1106 
.9 4289.2243 232, 1037, -4 5076.9394 252.5840 .9 5931.0206 273.0044 aA; 6851.4680 293.4248 
74.0 4300.8403 232.4779 25 5089.5764 252.8082 87.0 5944.6787 273.3186 RS 6866.1471 293.7389 
Sit 4312.4721 232.7920 | .6 5102.2202 253.2124 Ant 5958.3525 eS MSEC .6 6880.8419 294.0531 
+2 | 4324.1195 233.1062 | yf 5114.8077 253.5265 2 5972.0419 273.9469 7 6895.5524 204.3672 
3 4335-7827 233.4203 8 5127.5818 253.8407 58 5985.7471 274.2610 BS 6910.2786 294.6814 
-4 4347-4616 233.7345 9 5140.2817 254.1548 4 5999.4680 274.5752 .9 69 25.0205 294.9956 
5 4359. 1562 234.0487 | 81.0 5152.9973 254.4690 65 6013. 2047 274.8804 94.0 6939.7781 295.3007 
.6 4370.8664 234.3628 | fine 5165.7286 254.7832 .6 6026.9570 275.2035 aint 6954.5515 295.6239 
.7 | 4382.5924 | 234.6770 | .2 | 5178.4756 | 255.0073 -7 | 6040.7250 | 275.5177 .2 | 6969.3405 295.9380 
-8 4394.3341 234.9911 3 5191. 2384 PIN HBAS zo 6054.5088 275.8318 383 6984.1453 206.2522 
9 4406.0015 235.3053 a4 5204.0168 255.7256 9 6068. 3082° 276.1460 Ba 6998 .9657 296.5663 
| 
75.0 4417.8647 235.6194 | 5 5216.8109 256.0398 88.0 6082.1234 276.4602 a5 7013.8019 296.8805 
spt 4429.6535 235.9336 | A065 5229.6208 256.3540 ane 6095.9542 276.7743 .6 7028.6538 207.1947 
ee. 4441.4580 236.2478 Sut 5242.4463 250.6681 f 6109. 8008 277.0885 x7] 7043.5214 297.5088 
43) 4453.2783 236.5619 .8 5255.2876 256.9823 73 6123 .6631 277.4026 AAs) 7058.4047 so7 8250 
4 4465.1142 236.8761 9 5268.1446 257.2964 4 6137.5410 277.7108 .9 7073-3037 ren 
s As aie ae 5281.0172 257.6106 a5 6151.4347 278.0309 95.0 7088. 2184 298.4513 
3 3 44 5293.9056 257-9248 .6 6165.3441 278.3451 oat 7103.1488 298.7655 
ot 4500. 7163 237.8186 a2 5306. 80907 258.2380 as 6179.2692 278.6503 .2 7118.09049 299.0796 
-8 | 4512.6151 | 238.1327 -3 | 5319.7205 | 258.5531 .8 | 6193.2101 | 278.9734 .3. | 7133-0568 sonore 
9 4524.5206 238.4469 4 5332.6650 258.8672 9 6207.1666 279.2876 4 71.48.0343 R0OuHOTS 
76.0 4536.4508 238.7610 ae 5345.6162 259.1814 89.0 6221.1388 279.6017 .5 7163.0276 300.0221 
at 4548. 4057 239.0752 .6 5358.5832 259.4956 aE 6235.1268 279.9159 EO 7178.03605 ee 6 
a2 4560. 3673 239.3804 +7 5371.5658 259.8007 4) 6249.1304 280.2301 JF He Seco 
-3 | 4572-3446 | 239.7035 8 5384. 5641 260.1239 .3 | 6263.1498 280.5442 8 Te08htOn6 Soon 
4 4584.3376 240.0177 9 5397.5782 260.4380 -4 6277.1848 280.8584 9 7223.1577 301.2787 
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TABLE 21.—AREAS AND CIRCUMFERENCES oF Crrctes—DectmaL Divisions—(Continued) 
Diam- Circum- Diam- Circum- Diam- Circum- Diam- Circum- 
eter | ae | ference eter ares ference eter ase ference eter ae ference 
96.0 7238.2294 | 301.5929 97.0 7380. 8113 304.7345 98.0 7542 .9639 307.8761 99.0 7697.6874 | 311.0177 
I 7253.3169 301.9071 apt 7405.0559 305.0486 ate 7558.3056 308. 1902 ceil 7713.2461 311.3318 
ae 72608. 4201 302.2212 Ww 7420.3162 305.3628 Bi 7573.7830 308.5044 2 7728.8205 311.6460 
+3 7283.5391 302.5354 et 7435.5921 305.6770 net! 7589.2161 308.8186 3 7744.4107 311.9602 
ae 7298 .6737 302.8495 4 7450.8838 305.9011 4 7604.6648 309.1327 4 7760.0166 312.2743 
“8 7313.8240 303.1637 2 7466. 1913 306. 3053 ae] 7620.1203 309.4469 of} 7775-6381 312.5885 
6 7328.9901 303.4779 AY} 7481.5144 306.6104 6 7635 .6005 309.7610 6 7791.2754 312.9026 
+7 7344-1718 303.7920 eH i 7496.8532 306.9336 RY 7651.1054 310.0752 7 7806.9284 313.2108 
8 7359.3603 304.1062 8 7512.2077 307.2478 a) 7666.6170 310.3804 8 7822.59071 313.5309 
9 7374-5824 304.4203 <9 7527.5780 307.5619 Pie} 7682.1443 310.7035 -9 7838.2815 313.8415 
ny ¥ ee | 100.0 7853-9816 314.1593 
For larger integral circles see Table 20. 
TABLE 22.—AREAS, CIRCUMFERENCES, SQUARES, CUBES AND FourtH Powers or BINARY FRACTIONAL QUANTITIES 
(F. E. Kelley, Amer. Mach., July 25, 1901) 
Area Cir: Square Cube 4th power Area Cir. Square Cube 4th power 
& eleleb as) 04900 . 000244 - 0000038 . 00000006 I 78540 3.14159 L220 1.0 TO 
ty 00077 0082 .000077 .0000305 .0000000 ty .83525 3.2398 1.0635 1.0067 Tels 
rr 00173 1473 002107 . 0001030 .0000048 ts - 88664 3.3379 I,1289 1.1995 Te 7, 
as 0031 19063 . 003906 0002441 .0000152 I -93956 3.4361 1.1963 1.3084 1243 
& 0048 2454 006104 -0004768 .0000372 $ -99402 3.5343 1.2656 1.4238 1.60 
ss 00690 2045 0087890 0008240 0000771 a 1.05 3.6325 1.3369 1.5458 L.7e 
rs 0004 3436 .OT1963 - 0013084 . 0001430 1) 1.1075 3.7306 1.4102 1.6746 1.98 
$ O12 3927 .015625 .OOIO531 .000244 3a I. 1666 3.8288 1.4854 1.8103 2.20 
ces OSS -4418 019775 002781 - 0003908 t 1.2272 3.9270 1.5625 1.9531 2.45 
or Or192 49090 .024414 003815 -0005954 33 I. 2803 4.0252 1.6416 2.1033 2.69 
# 0232 5400 .020541 .005077 .0008702 +6 T0353 0) 4.1233 L722, 2.2610 2.077 
¥s 0276 5890 .035156 006502 . 001232 % I.4182 4.2215 1.8057 2.4264 3526: 
3 0324 6381 .041260 -008381 .001697 3 1.4849 4.3197 1.8906 2.5996 SST, 
va 0376 .6872 .047852 .010468 002284 yy 1.5532 4.4179 DOS 2.7809 a0 
rr 0431 7363 .054932 .012875 .003014 is 1.6230 4.5160 2.0664 2.9705 4.27 
3 0401 7854 0625 .015625 . 003906 ey] I.6943 4.6142 Pci thsy7e4 3.1084 4.65 
tt 0554 8345 .070557 -018742 004070 3 1.7671 4.7124 2.25 3.375 5.06 
ar 0621 8836 .079102 .022247 .006256 4 1.8415 4.8106 2.3447 3.5904 5.47 
# .0692 9327 088135 026165 007762 +6 1.9175 4.9087 2.4414 3.8147 5.95 
ds 0767 | O817 .097656 030518 009530 Rea I.9949 5.0069 2.5400 4.0482 6.45 
# 0846 | r.0308 . 107666 035328 .Or1r58 § 2.0739 5.1051 2.6406 4.2910 6.97 
sy 0928 1.0799 - 118164 . 040619 01395 a3 2.1545 5.2033 2.7432 4.5434 7.50 
#H 1014 I.1290 | .129150 046413 . 01668 oa 2.2365 5.3014 2.8477 4.8054 8.07 
3 II04 We meBas ch toms . 140625 -052734 01977 a] 2.3201 5.3996 2.9541 5.0774 8.70 
B I198 | 3.2272 - 152588 059605 .02328 2 2.4053 5.4978 3.0625 5.3594 9.38 
R 1206 ; T.2703 - 165039 .067047 .02723 B 2.4920 5.5960 3.1729 5.6516 10.05 
rr? 1398 1.3254 -177979 -075085 03165 R 2.5802 5.6041 3.2852 5.9543 10.76 
ts 1503 1.3744 . 191406 -083740 03663 eT 2.6699 5-7923 3.3994 6.2677 11.56 
& 1613 1.4235 . 205322 . 093037 04215 t AMOT2 5.8905 3.5156 6.5918 nie ee 
8 1726 I.4726 .219727 . 102997 . 04837 #8 2.8540 5.9887 3.6338 6.9269 $2 
2 | 1843 T.52T7 .234619 - 113644 05504 BR 2.9483 6.0868 3.7539 VIBE WIE: 14.1 
3 1963 1.5708 .25 nro s 0625 Ped 3.0442 6.1850 3.8760 7.6308 14.9 
# 2088 1.6199 . 265860 137089 .07071 2 3.1416 6.2832 4.0 8.0 16.0 
iB Leary 1.6690 . 282227 - 149933 .07963 16 3.3410 6.4795 4.2539 8.7737 18.1 
8 | .2349 1.7181 . 209072 - 163555 - 08946 Fy 3.5466 6.6750 4.5156 9.5957 20.4 
ve 2485 EL 7O7T . 316406 -177979 .1O0IL a6 3.7583 6.8722 4.7852 10.4675 22:50) 
Pes [2025 1.8162 - 334229 . 193226 . 11169 } 3.9761 7.0686 5.0625 II. 3906 25.6 
H | 2769 1.8653 .352559 . 200320 . 124191 is 4.2000 7.2649 gee ty 12,3665 28.6 
# 2916 1.9144 . 371338 . 220284 . 137901 3 4.4301 7.4613 5.6406 13.3065 31.8 
§ 3068 1.9635 . 390625 244141 .152568 is 4.6664 7.6576 5.9414 14.4822 353 
ir3 3252 2.0126 . 410400 2629013 . 168428 os 4.9087 7.8540 Gees 15.625 30.5 
B -3382 2.0617 . 430664 . 282623 . 18546 ts 5.1572 8.0503 6.5664 16.8264 43.0 
a 3545 2.1108 -451416 . 303205 . 20376 $ 5.4119 8.2467 6.8906 18.0879 ARKe 
pe 3712 2.1598 .472656 .324051 . 22340 ts 5.6727 8.4430 ie 2e2y 19.4109 52.1 
45 3883 2.2089 . 494385 - 347614 24438 i 5.9396 8.6304 7.5625 20.7969 57-2 
8 4057 2.2580 . 516602 . 371307 . 26688 +3 6.2126 8.8357 7.9102 yey i} 62.6 
44 4236 | 2.307% . 539307 - 396053 . 29084 iH 6.4918 9.0321 8.2656 23.7637 68.3 
Zz 4418 2.3562 5625 -421875 31641 iB 6.7771 9.2284 8.6289 25.3474 74.5 
42 . 4602 2.4048 . 586182 448795 34357 3 7.0686 9.4248 9.0 27.0 81.0 
cy 4794 2.4544 .610352 | .476837 3721 $ 7.6690 9.8175 9.7656 30.5176 95.4 
#8 - 4987 2.5030 -635010 - 506023 -4032 t 8.2958 10,210 10.5626 34.3281 112.0 
a3 5185 2.5525 .660156 | -536377 4356 $ 8.9462 | 10.603 II. 391 38.443 130 
$3 5387 2.6011 .685701 . 567921 .4704 2 9.6211 10.996 12.25 42.875 150 
af 5501 2.6507 711914 .600677 . 5069 $ 10.321 11.388 13.141 47.635 173 
BE 5706 2.7017 . 738525 . 634670 .5456 4 II.045 11.781 I4.062 52.734 198 
t 6013 2.7499 .765625 .669922 . 5861 q II.793 Tony 15.016 58.186 225 
u 6228 2.7960 «793213 | .706455 62092 4 12.566 12.566 16.0 64.0 256 
8 6450 2.8471 .821289 | «744293 6750 8 13.364 12'959 17.016 70,189 290 
59 6675 2.8065 840854 . 783459 .7225 t 14.186 Taess2 18.062 76.766 326 
#8 6903 2.9452 . 878906 - 823975 -7725 3 5.033 13.744 ODEN 83.740 366 
re 7131 2.0039 908447 865864 8248 4 15.904 14.137 20.25 QI.125 410 
u 7371 3.0434 .938477 .909149 .8708 3 16.800 14.530 21.391 98.932 458 
$3 7610 3.0913 968994 | -953854 +9385 t anefodie hs 14.923 221308 LOTT 509 
I 7854 3.1416 1.0 1.0 1.0000 5 19.635 15.708 25.0 125.0 625 £ 


3r 
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TABLE 23.—AREAS AND CIRCUMFERENCES OF CIRCLES—BINARY DIVISIONS 
For more Minute Divisions of Small Circles see Table 22 


Diam.| Cir. | Area | Diam. Cir. | Area || Diam. Gir: Area Diam.| Cir. Area Diam. Cir. Area Diam. Cire Area 
vs in. | .1963| .00307 || 9 ins. | 28.274] 63.617 || 18 ins.| 56.549|254.460 || 27 ins.| 84.823/572.556 || 36 ins.|113.097|1017.87 || 45 ins.|141.372/1590.43 
4 .3027| .0123|| #¥ 28.667| 65.307 3 56.941|258.016 2 85.216|577.870 Fs II3.490|1024.05 $ I41.764|1599. 28 
} .7854| .o49r|| 29:060| 67.201 1 57.334| 261.587 } 85.608/ 583.208 t = |113.883]/ 1032.96 $ |142.157/1608.15 
3 1.178% .1104 | 2 29.452] 69.029 3 57.727| 265.182 3 86.001|588.571 3 II4.275|/1039.19 3 142.550|/1617.04 
h 1.5708) .1963 | x 29.845| 70.882 3 58.119] 268.803 ps 86.304| 593.958 z II4.668| 1046.35 oy 142.942|1625.97 
5 1.9635| .3068|| ¢ 30.238] 72.760 3 58.512/272.447 $ 86.786|500.370 $  |II§.061|1053.52 $ 143.335|1634.92 
5 2.3562| .4418|| ¢ 30.631| 74.662 3 58.905|276.117 a 87.179|604.807 r: I15.453|1060.73 i 143.728) 1643.89 
z 2.7489| .6013|| 31.023] 76.580 4 59.298|279.811 t 87.572|610. 268 $  |I1§.846) 1067.95 $ |144.121|1652.88 
rin. | 3.1416] .7854 || roins.| 31.416] 78.540|| 19 ins.| 59.690/283.520 || 28 ins.| 87.965|/615.753 || 37 ins./116.239|1075.21 || 46 ins.|144.513/1661.90 
+ 3.5343| ~.9940 2 31.809] 80.516 t 60.083] 287.272 t 88.357|621.263 $ I16.631/1082.48 t I44.906|1670.95 
= 3.9270] 1.2272 | 4 32.201} 82.516 i 60.476| 291.039 3 88.750\626.798 t II7.024 1089.79 i I45.299|/1680.01 
3 4.3197| 1.4849 || 32.594} 84.541 3 60.868 204.831 3 89. 143/632.357 3 II7.417| 1097.11 3 145.691|/1689.10 
2 4.7124) 1.7671 | 3 32.987| 86.590 2 61.261)298.648 $ 89.535/637.941 3 I1I7.810| 1104.46 3 146.084) 1698.23 
$ 5.1051] 2.0739 | 3 33.379| 88.664 2 61.664|302.489 § 89.928)643.554 3 I18,202/1111.84 3 146.477/1707.37 
i 5.4978) 2.4053 i 33-772) 90.763 7 62.046 306.355 3 90.321/649.182 x I18.506/ 1119.24 a 146.869/1716.54 
3 5.8905} 2.7611 || F 34.165| 92.886 q 62.439 310.245 A 90.713 654.839 3 I18.988 1126.66 t 147.262|1725.73 
2 ins. | 6.2832) 3.1416 || 11 ins.| 34.558] 95.033 || 20 ins.) 62.832/314.160]|| 29 ins.| 91.106/660.521 || 38 ins.) r19.381|1134.11 || 47 ins.|147.655|1734.94 
+ 6.6759) 3.5466 3 34.950) 97.205 $ 63.225) 318.099 t 91.499 666.237 ||. 4 119.773 1141.59 & 148 .048|1744.18 
s 7.0686] 3.9761 || 4 35-343] 99.402 } 63.617 322.063 4 91.892,671.958 re 120.166 1149.08 t 148.440|1753.45 
- 7.4613) 4.4302 | i 35.736|101.623 3 64.010/326.051 3 92.2841677.714 3 120.559 1156.61 i 148 .833/1762.73 
2 7.8540] 4.9087 | q 36.128)103.869 3 64.403|/330.064 5 02.677 683.494 = I20.951\/I164.15 z I49.226/1772.05 
$ 8.2467| 5.4119 || &% 36.521/106.139 3 64.795|/334. 101 | &§ 93.070/689.208 3 E21 .344\1171. 93 A 149 .618/1781.39 
4 8.6304) 5.9306 | 2 36.914) 108.434 3 65.188/338. 163 z 93.462/695.128 3 121.737|1179.32 Z I50.011/1790.76 
$ 9.0321) 6.4918 | 3 37.306|/ 110.753 A 65.581|/342.250 Zt 93.855, 700.981 A 122.129|1186.94 zt I50.404| 1800.14 

| 

3 ins. | 9.4248] 7.0686 || 12 ins. 37.690] 113.097 || 21 ins.| 65.973/346.361 || 30 ins.| 04.248 706.860 || 39 ins.|122.522|/1194.59 || 48 ins.|150.796|1809. 56 
9.8175) 7.6699 | 38.002) 115.466 66.366 350.407 94.640|712.762 I122.915|1202.26 I51.189/1818.99 
10.210 | 8.2958 | 38.485) 117.8509 66.750|/354.657 95.033/718.690 I23.308)1209.095 I51.582/1828.46 
10.603 | 8.9462 38.877/120.276 67.152/358.841 95.426)724.641 123.700|1217.67 I51.975|1837.93 


152.367|1847.45 
152.760|1856.99 
153-153/1866.55 
153-545|1876.13 


10.996 | 9.6211 
II.388 |10.321 
II.781 |11.045 
E2s174 |11.703 


~270|\122.718 
39.663/125.184 
40.055/127.676 
40.448)130.192 


95.819/730.618 
96.211|736.619 
96.604)742.644 
96 .997|748 .604 


363.051 
67 .937|/ 367.284 
68 .330)372.543 
68 .722/375.826 


I24.093|1225.42 
I24.486| 1233.18 
124.878 1240.98 
125.271|1248.79 


Caja ego Galen tole cole IME One 
ja paleo colon bojmt cafes jms copes 
Ww 
Ko} 

Gol-a jmfeo color bolt dolor Ife colme 
n 
~ 
on 
Ts 
aS 
cola ya[eo Elen bales cnfea Hale! Coles 
colar yale olen eolmt coleo wmjet colhe 
Colna falco onlen eaibt onfeo HIM ole 


4 Ins. |12.566 |12.566 || 13 ins.| 40.841/132.732 || 22 ins.) 69.115/380.133 || 31 ins.| 97.389]754.760|| 40 ins.|125.664|1256.64 || 49 ins.|153.0938|1885.74 
12.959 |13.364 41.233/135.207 69.508|384.465 97.782|760.868 126.056|1264.50 I54.331|1805.37 
13.352 |14.186 41.626/137.886 69 .900/ 388.822 98.175|766.9092 126.449 1272.39 154.723/1905.03 
13.744 |15.033 -0I9|I40.500 70.293/393.203 98.567|773.140 126.842/1280.31 155.116|1914.70 
14.137 |I5.904 42.412|143.130 70.686/307.608 98 .960|779.313 127 .235|1288.25 I55.500|1924.42 
14.530 |16.800 42.804|145.802 71.079|402,038 99.353/785.510 I27.627|1296.21 155 -902/1934.15 
14.923 |17.721 43.197|/148. 489 71.471|/406.493 99.746|791.732 128.020|1304.20 156.204) 1943.91 
15.315 |18.665 43.590|151.201 71.864|410.972 100.138)797.978 128.413/1312.21 156.687 1953.69 


Cojar lad orien oj onles IE coe 
Caja loo Onley PO cola PY Cop 
> 
i) 
GxJn3 Hag cole bape celeo RIM cofhe 
ja Ico aojon tol Coles AIH nfs 
Qylaa wrlco colon tole colea walMt cole 


Gols KO color tal cokes IAM come 


5 ins. |15.708 |19.635 || 14 ins.) 43.982/153.938|| 23 ins.| 72.257|415.476 || 32 ins.|r00.531/804.240 || 41 ins.|128.805'1320.25 50 ins.|157.080| 1963.50 


$ Wace tee 20.629 t 44.375|156.699 $ 72.649|420.004 + 100.924/810.545 x E29 .198|1328 .32 x 157.865| 1983.18 
: 16.493 |21.648 } 44.708) 159.485 t 73.042|424.557 z IOL.316/816.865 z 129.501/1336.40 x 158.650|2002.096 
3  |16.886 [22.691 é 45.160) 162.205 $ 73 -435|429.135 § | IOI. 709/823.209 8  |129.983/1344.51 2 |159.436|2022.8 
z 27.279 123.758 3 45.553|/165.130 zy 8 i 1 ; pee: 
2 A 3 2 73 .827| 433.731 2 102.102/829.578 2 130.376)1352.65 

i 17.671 |24.850 i 45.946| 167.989 5 74.220/438.363 £ 102. 494|835.972 $ 130.769/1360.81 || sy ins.|160.221/2042.82 
‘ 18.064 |25.967 : 46.338)170 873 2 74.613|443.014 2 102.887/842.390 3 I131I.161|1360.00 161.007|2062.90 
3 peasy 27.109 z 46.731|173.782 t 75.006/447.699 i 103. 280/848 .833 Zz 131.554|1377.21 I61.792|2083.07 


Io co 


6 ins. |18.850 |28.274 |) 15 ins.) 47.124/176.715 || 24 ins.| 75.308|452.390 || 33 ins.|103.673|855.30 42 ins./131.047/1385.44 102; 57 7/\2803 35 


$ 19.242 |20. 465 t 47.517/179.672 $ 75.791/457.115 $ 104.065|861.79 4 I32.340]1393.70 , 

¢ 19.635 |30.680 + 47.909| 182.654 + 76.184) 461.864 4 104.458/868.30 3 132.732|/1401.98 ea 163303 / 2023272 
: 20.028 |31.919 3 48.302) 185.661 a 76.576) 466.638 z 104.851/874.85 3 133.125)1410. 20 * 104 STAC Bt 
} [20.420 |33. 183 } | 48.694/188.602 || 4 | 76.960|471.436/|| 3 |105.243/881.41 }  |133.518|r418.62|| 4 |704-934)2164.75 
f  |20.813 |34.472 g 49.087|191.748 || ¢ 77.362|476.259 || & |105.636/888.00 #  ‘\y33-or0l1426.08 |. ene ieee 
3 21.205 |35.784 t 49. 480/194. 828 a 77.754|481. 106 3 106.029/804.62 i 134. 303)1435.36 F 

$ [21.598 )37.122 # | 49.873/197.933 || % | 78.147/485.978|| 4  |106.421/90r.26 ;- |134.606|r443.77 |] Seo oe 


167 .200|2227.05 
168.075/2248.01 
168. 861|2269.06 


7 IMS. |2T.991 |38.485 16 ins.| 50.265|201.062 || 25 ins.| 78.540|490.875 || 34 ins.|106.814/907.92 || 43 ins.|135.088)/1452.20 
: 22.384 |39.871 50.658) 204.216 78 .933|495.796 107.207\914.61 I35.481|1460.65 
22.776 |41. 282 51.051) 207.304 79 .325|500.741 107.600]921.32 135.874) 1469.13 
8 © |23- 109 |42.718 444) 210.507 79.718) 505.711 107.092|928.06 136. 267|1477.63 || 54 ins.|169.646/2290. 22 

2 23.562 |44.179 51.836) 213.825 510.706 108.385/934.82 136.650|1486.17 170.431|2311.48 

|23.955 |45.664 52.220/217.077 80.503/515.725 108.778|941.61 137.052/1404.72 I71.217/2332.83 

|24-347 |47.173 52.622 220.353 80.896 520.769 109.170|948.42 137.445|1503.30 172 .002/2354.28 

|24.740 |48.707 53-014/223.654 81.280) 525.837 109.563/955.25 137.837) 1511.90 


wake tI 


Ge} Io Ook RO! colea Ap copes 
n 
Lan) 
wile toe 


GoIxI yafoo Colon Ao}e+ Cojeo WAJe! cops 
icc) 
° 
H 
H 
H 
Cony fO> cole bole onfoo MAIH copee 


Cola ILO Colon eee cole JME Ope 


| ; 
Ak 55 1ns./172.788/2375.83 
8 ins. |25. : 4 : > 

Ss ie 133 [50.265 I7 ims.| 53.407/226.980 || 26 ins.) 81.681/530.930 || 35 ins. 109.056/962.11 44 ins.|/138.230/1520.53 


: 5 t 173.573/2397.48 
; Cilpets se: | ; B57 80}480., 330 + 82.074|536.047 t II0.348|}969 .00 4 138 .623}1529.18 3 174.358 ee 
4 ee [ae=4s , 54.192) 233.705 3 82.467/541.180 t I10.741/975.091 + 139.015|1537.86 { 175.144/2441.07 
: pe sci é 54.585) 237.104 | Fy 82.860|546.356 3 III.134|982.84 % 139. 408/1546.55 

: ae Wee | ; sg hl he eae} 3 83.252/551.547 3 III.527/980.80 3 139.801/1555.28 || 56 ins.|175.920|2463.01 
; 5 aes oe : sts |243.977 | 3 83.645|556.762 8 III.919|9906.78 g I40.194|1564.03 + 176.715|2485.05 
: apse 60. >| : | se ee BAT Ao® ee 84.038/562.002 3 II2.312/1003.78 4 140. 586|1572.81 t I77.500/2507.10 
$ 127.882 |61.862 : _§ 56. 1561250. 947 |) a 84. 430'567.267 | Zz II2.705'IO01I0. 82) a 140.0979'1581.61 3 178, 285/2520.42 
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TABLE 23.—AREAS AND CIRCUMFERENCES OF CIRCLES— BINARY 


Diam. 


57 ins. 


nl 


58 ins. 


ae wie ae 


59 ins. 


mics le 


60 ins. 


eis tol 


61 ins. 


ele Bie Oe 


62 ins. 


wale tale oe 


63 ins. 


wo cope ee 


64 ins. 


? 
i 


65 ins. 


Cae a 


66 ins. 


se [so bale) ane 


fon 
a 
= 


ins. 


le wie pe 


68 ins. 


182 


185 
186 


188 


19t 


193 


202 


200 


207 
208 
208 
209 


210 


212 
212 


213 
214 


| ies uae pe 


215 
1215 


Cir 
I79. 
179. 
180. 
181. 


182. 
183. 
184. 


186. 
187. 


1890. 
190. 
190. 


192. 


193. 


1904. 
195. 
196. 
197. 


197. 
198. 
199. 
200. 


20r. 
201. 


203. 
204. 


|204. 
205. 


Z2Ir. 


642|2506 
427|2619 


.212|2642. 
998 2664. 
783| 2687. 
569|2710. 


+354) 2733. 
-139|2757. 
925\2780. 
710, 2803. 


.496| 2827. 
281\2851. 
066 2874. 
852) 2808. 


-637)| 2022. 
423) 2046. 
.208| 2070. 
993| 2994. 


-345| 3421. 
- 1311/3447. 
-916 3473. 
- 701) 3499. 


-487|3525. 
272\3552.- 
.058|3578. 
resell 


628! 3631. 
-414/3658. 44 | 
29 || 
24) 


- 199) 3685 


.984'13712. 


7779/3010. 
564) 3043. 
350) 3067. 
135| 3092. 


9020/3117. 
706| 3142. 
491, 3166. 
277\ 3191. 


062 3216. 
847|3242. 
.633|3267. 
418 3292. 


204/3318. 
989) 3343. 
774 3369. 
- 5060/3395. 


Area 


O71/2551. 
856\2574. 


76 
19 


-72 
+35 


08 
Or 
83 
85 


Divisions —(Continucd) 


Diam.| Cir. Area Dyamy.|' (Cir. Area 
69 ins. 216.770|3730.28 82 ins.|257.611/5281.02 
$ |217.555|3766.43 % = |259. 181/5345.62 
2 |218.341/3793.67 ‘ 
3 210 .126|3821.02 || 83 ins./260.752/5410.62 
3 262.323/5476.00 
70 ins.|219.911|/3848.46 : 
a 220.697|3875.90 84 ins.|263.804|5541.78 
4 221.482/3903.63 } 265 .465/5607.95 
3 222.2 ; ; 
- 68/3931. 36 85 ins.|267.035|5674.51 
71 ins.|223.053|3959.20 3 268 .606/5741.47 
- 
; 87. ; 
rh as 838) 3987.13]! 36 ins.|270.177|5808.81 
3 224.624/4015.16 
3 225.409|4043..28 3 271.748|5876.55 
72 ins.|226.195|4071.53 || 87 ins-|273.319)/5944 . 66 
t — |226.080|4009.85 $  |274.889/6013.21 
} 227.765|/4128.21 ; 
3 228.551/4156.77 || 88 ins.|276.460)6082. 13 
PT 278.031\/6151.44 
73 ins.|229.336)4185.390 
4 230.122|/4214.11 || 89 ins.|}279.602/6221.15 
3 230.0907/4242.092 $ 281.173/6201.25 
$ 231.692|4271.83 
‘ 90 ins.|282.743|6361.74 
74 ins.|232.478|4300.85 4 284.314|6432.62 
t |233- 263 4329.05 
2 234.040/4359.16 || or ins. 285.885/6503.80 
d  |234.834/4388.47 4 |287.456)6575.56 
breks ‘tigi Prep 92 ins.|289.027|6647.62 
; ae 2 290.597|6720.07 
4 |237.190|4476.07 : emcee 
4 237 .976|4506.67 93 ins.|292.168|6792.92 
76 ins.|238.761|4536.47 2 293.739) 6866. 16 
t — |239.546)4566. 36 : 
2 —|240.332/4506.35 || 94 ins.|205.310/6939.79 
3 241.117|4626.44 $ 296.881|7013.81 . 
77 ins.| 241.903 4656.63 || 95 ins.|298.451|7088.23 
+ = |242.688|4686.92 4 300.022|7163.04 
3 |243.473|4717.30 
3  |244.259|4747.79 || 96 |301.593|7238.25 
97  |304.734|7389.83 
78 ins.|245.044/4778.37 || 98  |307.876|7542.98 
% — |245.830/4809.05 || 99 |311.018|7697.70 
2 |246.615/4839.83|| ro0 =| 314. 159|7854.00 
t 247 .400/4870.70 || ror 317.301| 8011.86 
. 102 320.442|8171.28 
79 ins. 248.186! 4901.68 
| 10 23.584/8332.29 
% |248.971|4932.75 ee ~ 
x 3 : 
g fe eas ee 104 326.725) 8404.87 
ri 250.542/4995.19 105 329.867|8650.01 
80 ins.!251.327/5026.56 || 196  |333-009/8824.73 
3° |252.898)/5089.58 | 107 336.150|8992.02 
10s 339.292/9160.88 
81 ins. 254.469 5153.00 || 109 342 .433/9331 .32 
g 256.040'5216.82 || I10 345.57519503.32 


For larger integral circles see Table 20. 


483 
TABLE 24.—AREAS OF CIRCLES OF WIRE GAGE DIAMETERS 
No. of Birmingham ete ad British United Stubb’s | American 
eae or Stubb s Sharpe Imperial or ected steel Steel & 
iron wire new British wire Wire Co. 
0000 . 162 .167 .126 UG Ow es |lehebena ee mt 22 
000 -142 one . 108 Pay 0 Ae a pment od ,104 
00 LTS . 104 095 LOOZs Ihsan 086 
(6) .OOL 083 .082 MOT OT MNS etre yen .074 
I O71 066 O71 062 O4r 063 
2 064 053 .060 056 038 .054 
3 053 O41 050 .049 035 -047 
4 045 .033 .042 .043 034 -040 
5 038 026 .035 038 033 034 
6 032 .020 029 032 031 .029 
7 025 016 .024 ,027 031 024 
8 021 013 020 -024 O31 .020 
9 O17 O10 016 O19 030 O17 
10 O14 008 013 016 028 O14 
aie orl 0063 .O10 ZO 027 O12 
12 009 0055 009 .009 027 009 
13 oo71 0039 0063 0071 026 .0063 
14 0055 .0031 .0047 .0047 025 0047 
15 0039 0024 .0039 .0039 025 .0039 
16 0031 0024 0031 0031 024 0031 
17 0024 0016 0024 0024 024 .0024 
18 0016 0016 0016 0024 022 0016 
19 0016 .0008 0016 0016 O21 0016 
20 0008 .0008 .0008 .0008 020 0008 
21 0008 .0006 .0008 .0008 020 .0008 
22 0006 0005 0006 .0008 O19 0006 
23 0005 0004 0005 0006 o18 0005 
24 0004 .0003 0004 0005 o18 0004 
25 0003 .0002 .0003 .0004 O17 .0003 
26 0002 .0002 0002 .0003 016 0002 


Abendroth and Root, flanged pipe fittings, 
table of, 223 
spiral rivetted pipe, table of, 223 
Accelerated motion, graphical expression of, 
404 
laws of, 404 
Adapter for T-slots and fixtures, 234 
Addition of binary fractions, 267 
Advantage, mechanical, rules for, 402 
Air chamber charging devices, 211 
chambers for suction pipes, correct and 
incorrect arrangement of, 212 
compressed, chart for finding the index 
of the compression curve, 303 
for friction of, in pipe, 304 
for power calculations, single-stage 
compression, 390 
for power calculations, two-stage 
compression, 391 
construction of intercoolers for, 395 
consumption of by direct-acting steam 
pumps, 398 
by the air-lift pump, 399 
by various pneumatic tools, 398 
formula and chart for surface of inter- 
coolers for, 305 
and table for high altitudes, 389 
for friction of, in pipes, 391 
formulas for power calculations of, 387 
for compound compression of, 388 
for finding index of compression 
curve, 390 
for the isothermal curve, 394 
graphic power calculations for, 389 
gain due to reheating, 395 
good and poor compound practice, 388 
plotting the compression curve for, 392 
special meanings of efficiency, 387 
table of constants for single-stage com- 
pression, 388 
for two-stage compression, 388 
of discharge of through orifices, 400 
of values of index of compression 
curve for, 392 
compressors, construction of pistons and 
valves for, 396 
table of pressures on bearings of, 8 
-lift pump, the, 399 
charts of economy tests of, 399 
table of barometric pressure at various 
altitudes, 387 
of weight, volume, 
pressure equivalents, 387 
Allis-Chalmers band saw-mill fly-wheel, 65 
power house fly-wheel, 67 
Allowances and tolerances for fits, table of 
Brown and Sharpe’s practice in, 
250 
table of C. W. Hunt Co.’s practice 
in, 251 


pressure, and 


INDEX 


Allowances and tolerances for rough turned 
shafts, Brown and Sharpe practice, 
249 
for running fits, chart of 
standard for, 246 
for press fits, chart of, 247 
for sliding, press and shrink fits, chart of 
General Electric Co.’s practicein, 249 
Alloys, 334 


British 


aluminum, design of parts to be made by, - 


33:0 
S. A. E. specifications for, 336 
casting, table of specifications of the 
U.S. Navy for, 338 
chart of strength of copper-tin-zinc, 334 
for bearings, tables of composition of, 
IQ, 20, 21 
fusible, list of, 338 
Aluminum alloys, design of parts to be made 
by, 337 
S. A. E. specifications for, 336 
brass and copper bars, table of weight 
of, 334 
castings, chart of influence of pouring 
temperature on strength of, 337 
American railroad clearances, chart of, 269 
Angles corresponding to tapers per foot, 
table of, 232 
Antilogarithms, table of, 436 
Arc of contact of belts on pulleys, table of, 
35, 289 
on pulleys, table of factors for, 52 
Arcs, circular, table of length of, 459 
compass for large circular, 266 
graphical method of finding length of 
circular, 266 
radius of circular from span and rise, 266 
Areas and ‘circumferences of circles, binary 
divisions, table of, 482 
decimal divisions, table of, 477 
integral, table of, 470 
of small fractional circles, table of, 481 
and weights of square and round steel 
bars, table of, 342 
of circles, of wire gage diameters, table 
of, 483 
of circular segments, table of, 465 
of irregular figures, methods of finding, 


407 
Arms, equal division of vibration of links for 
rock, 262 
of spur gears, chart for dimensions of, 
98 


formulas for dimensions of, 97 
dimensions of hollow, 99 
laying out rock, 263 
rocker, correct and incorrect design of, 5 
rock, table of dimensions of, 243 
Atmospheric pressure measured in various 
units, 198 
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Babbitt bearings, importance of pouring 
operation in, 23 
composition of, 19, 20 
pouring temperature of, 23 
procedure in making, 19, 20 
proper grades of materials for, 21 
tin, lead, and zinc, grades of, 19 
Back gears, see Gears, back. 
Balance, running, principles and practice of, 
254 
sensitive fixtures for standing, 252 
standing and running, 252 
table of depth of drilled holes for weight 
of metal removed, 254 
Balancing area of diaphragms, affective, 264 
machine parts, 252 
Norton running, 256 
Westinghouse running, 253 
reciprocating parts, 257 
Baldwin Locomotive Works, standard taper 
bolts, 192 
Ball bearings, see Bearings, ball. 
cranks, formulas for dimensions of, 237 
expansion drive stud, the, 263 
Band fly-wheels, 68, 71 
Barometric pressure at various altitudes, 
table of, 387 
Bars, table of weights and areas of square 
and round steel, 342 
of brass, copper and aluminum, 344 
of steel hexagon and octagon, 340 
Beams, chart for reinforcing plates of rolled 
I, 414 
formulas for bending 
deflections of, 411 
for the strength of, 410 
the Hodgkinson, criticized, 417 
table of deflection coefficients for, 413 
of properties of rolled I, 415 
of safe loads of rolled I, 412 
of wood, 416 
of section factors of reinforcing plates 
for rolled I, 413 
of uniform strength, 416 
chart for laying out, 417 
without lateral support, table of con- 
stants for loading, 412 
Bearing alloys, 19 
the Kingsbury thrust, 28 
metals, 19 
Bearings, action of high and low speed, 13 
the approximate Schiele, 29 
ball and roller, 30 
conditions of successful performance 


moments and 


of, 30 
effect of wear, rust, acid and corrosion 
on, 30 
friction of shafting fitted with, 47 
frictional resistance of, 36, 47 
load capacity of, 35 
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Bearings, ball, lubrication of and lubricants 
for, 30 
oil retaining and dust excluding 
devices for, 33 
tables of dimensions and loads on 
radial, 36 
on thrust, 37, 38, 39 
theoretically correct but impractical 
designs of, 30 
thrust, 32, 34 
typical mountings for thrust loads, 34 
of radial, 31 
for combined radial and _ thrust 
loads, 31 
cast iron for, 18 
center of pressure at center of, 4 
chart for dimensions of under film lubri- 
cation, 15 
for final temperatures and specific 
losses of, 17 
for limiting speed and temperature of, 
17 
of relation of speed and pressure on, 12 
charts of temperature rise in, 12, 13 
conditions of film lubrication of, 13 
dissipation of heat generated in, 12 
the double cone spindle, 29 
effect of film lubrication on wear of, 14 
end play of, 26 
experiments of H. F. Moore on breaking 
down point of oil film in, 14 
evaluation of friction loss and heat 
radiation of, 16 
improvement in ring-oiled, 24 
materials for, 18 
multiple disc thrust, 27 
observations on actual temperatures of, 
18 
oil grooves for, 12, 23 
plain or sliding, 8 
friction of shafting fitted with, 47, 48 
proper point for the introduction of oil, 13 
relation of speed, pressure and tempera- 
ture of, 12 
ring-oiled, 24 
R. K. LeBlond’s experiments on ma- 
terials of, 18 
roller, 39 
friction of shafting fitted with, 47 
for heavy thrust loads, 40 
load capacity of, 40 
the Schiele curve thrust, 29 
for steam engines, chart of rubbing 
velocity and bearing pressure, 360 
Reynold’s rule for main, 368 
tables of composition of miscellaneous 
alloys for, 19, 20, 21 
of dimensions of, 24 
of ball and socket ring-oiled, 25 
of oil-retaining grooves for, 26 
of pressures on, 8 
on gas engine, 8 
of product of pressure on and velocity 
of, 11 
of ratios of length to diameter, 14 
thrust, 27 
pressure on, 8, II, 27 
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Bearings, vulcanized fiber thrust, 27 
water jacketed, 25 
Westinghouse practice for oil grooves in, 
23 
in making babbitt, 21 
standard, bore finishes for babbitt, 22 
Bevel friction gears, see Gears, friction. 
gears, see Gears, bevel. 
Belt and rope drives, comparative first cost 
of, 131 
shipper, improved, 57 
Belts, Barth’s formula for, 52 
comparative transmitting capacity of 
with pulleys of various materials, 53 
correct arrangement of idler pulleys for, 
353 
dimensions of main driving for steam 
engines, 368 
formulas for length of, 56 
laying out holes through floors for quarter 
twist, 53 
lay-out of quarter twist, 53 
limiting widths for single and double, 51 
and pulleys, 51 
Sellers’s formula for, 52 
steel, 56 
substitutes for quarter twist, 54 
table comparing ropes, leather and steel 
belts, 57 
of arc of contact, 53, 289 
of factors for arc of contact of, 52 
tables of constants for driving power of, 
51 
W. W. Bird’s rules for, 51 
Bilgram diagram for slide valves, the, 376 
Binary fractional quantities, table of cubes of, 
481 
of fourth powers of, 481 
of squares of, 481 
fractions, addition of, 267 
table of decimal equivalents of, 468 
Blowers, method of determining power re- 
quired to drive centrifugal, 295 
tables of power required to drive Sturte- 
vant, 295, 296 
Blueprint solution, 268 
Boilers, steam, 349 
area of heads to be stayed, 353 
castiron nozzles for, 354 
chart of comparative strengths of rivets 
and plates in joints, 357 
of saving due to heating feed water 
for, 358 
of loss of coal due to scale in, 360 
of percentage of plate strength of 
joints of, 357 
charts of dimension of riveted joints for, 
359 
code of specifications of the A. B. M. A., 
354 
factor of safety in, 351, 357 
formulas for strength of, 351 
for thickness of bumped heads for, 
352 
horse-power of, 349 
Massachusetts rules for strength of, 349 
materials for, 349 


Boilers, steam, properties of materials for, 354 
of steel for, 354 
resistance offered by expanded tubes of, 
360 
rules for safety valves of, 361 
safety valve rules for, 351 
standard test piece for materials of, 349 
steel for, 349 
table of allowances for over-weight of 
plates for, 350 
of areas of heads to be braced, 354 
of chimney sizes for, 361 
of heating surface per horse-power of, 
349 
of loads on stay-bolts for, 355 
of maximum pitch of stay-bolts of, 353 
of minimum thickness of plates for, 
353 
of properties of tubes and flues for, 358 
of unit strength of rivets for, 350, 351 
of stresses on stays and stay-bolts, 354 
thickness of flat plates of, 356 
Bolts and nuts, see also Screws. 
table of U.S. or Sellers 
standard, 186 
of U. S. Standard, 186 
Baldwin Locomotive Works standard 
taper, 192 
chart of dimensions for cylinder and tank 
head, 373 
of stress in, for flanged pipe fittings, 
225 
for cylinder heads, unit stress in, 372 
eye, chart for strength of, 327 
nuts and screws, 185 
stress on due to initial and applied loads, 
185 
table of tensile and shearing strengths of, 
S. A. E. standard, ror 
of tensile and shearing strengths of 
U.S. standard, 186 
Brake drums, area of surface of, 154 
Brakes, 153 
automatic load, 156 
chart for the ratio of the tensions in 
band, 155 
the differential band, 153 
Prony, area of surface of, 157 
construction of, 157 
retarding moment of band, 153 
of axial, 154 
of block, 154 
rope, construction of, 158 
tables of sizes and tensions in ropes 
for, 159 
superior construction of hoisting, 155 
the Weston multiple washer, 156 
width of band, 153 
Braces, design of, 5 
Brass, brazing, S. A. E. specifications for, 335 
casting metal, S. A. E. specifications for, 
336 
copper and aluminum bars, table of 
weight of, 344 
free cutting, S. A. E. specifications for,335 
iron and copper wire, table of weights 
of, 339 


i 
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Brass low, S. A. E. specifications for, 335 
rods, S. A. E. specifications for, 335 
sheet, S. A. E. specifications for standard, 

334 
spheres, table of weights of, 340 
table of weights of sheet, 341 
tubing, table of weights of seamless, 340 
British thermal units, and kilogram-calories, 
conversion table for, 347 
Bronze, commercial, S. A. E. specifications 
for, 335 
gears, see Gears, bronze 
manganese, S. A. E. specifications for, 
336 
tobin, S. A. E. specifications for, 336 
Brown and Sharpe, formulas for cut gears, 
88 
grinding limits, table of, 250 
practice in allowances and tolerances for 
fits, table of, 250 
in tolerances and allowances for rough 
turned shafts, 249 
standard worms, formulas for, 113 
system of gear teeth, dimensions of, 90, 
or 
taper, table of the, 230 
Bushel, U. S. and British compared, 429 
Bushings for jigs, table for dimensions of, 240 


Cam, chart, the, 170 
charts with separate base lines, 171 
rollers, table of dimensions of, 243 
rolls, table of dimensions of studs for, 242 
Cams, angle for self-locking, 237 
conical rollers for, 169 
conjugate, I71 
correct and incorrect constructive details 
of, 171 
equalizing spring pressure on, 173 
the gravity curve for, 170 
having levers of unequal length, 170 
high-speed, 170 
iron drawing board for laying out, 171 
laying out drum, 165, 169 
face, 165 
making formers for, 168 
templets for, 168 
of the monotype, 171 
solution for blackening zinc for laying 
out, 168 
two-step, 166 
Castings, iron, grading of as light, medium 
and heavy, 308 
table of-shrinkage of, 410 
Cast iron bearings, see Bearings. 
constituents of and their influence, 308 
for steam boilers, properties of, 354 
malleable, stress-strain diagrams of, 313 
table of properties of, 312 
U. S. navy specifications for, 314 
spheres, table of weight of, 340 
table of composition of for various pur- 
poses, 309 
Center of gravity of counterweights, 404 
of irregular figures, graphical methods 
of finding, 404 
of plane figures, 404 
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Centigrade and Fahrenheit thermometer 
scales, conversion formulas for 4, 35 
to Fahrenheit thermometer scale, con- 
version table for, 345 
Centrifugal force, chart for, 403 
formula for, 404 
Centigrade thermometer scale, defects of, 345 
Chains, attachment of to hoisting drums, 146 
correct use of Ewart, 149 
direction in which to run Ewart, 149 
Chain drives, formulas for distance between 
shafts, 152 
table of data for the design of Morse 
silent, 150 
tables of data for the design of Link 
Belt silent, 151-152 
Chains, formulas for strength of open and stud 
link, 145 
illustrations of leading types of, 145 
laying out sprockets for crane, 145 
for Ewart, 148 
for roller, 151 
roller, 150 
table of speeds and working loads on 
Ewart, 147 
of types, uses, and limiting speeds of, 
146 
of working loads on hoisting, 145 
Charts, use of in systematic design, 6 


_ Chimneys for steam boilers, table of sizes of, 


361 
Chromium steel, see Steel, chromium. 
-vanadium steel, see Steel, chromium 
vanadium. 
Circles, binary divisions, table of areas and 
circumferences of, 482 
decimal divisions, table of areas and 
circumferences of, 477 
integral, table of areas and circumfer- 
ences of, 470 
small fractional, table of areas and cir- 
cumferences of, 481 
of wire gage diameters, table of areas of, 
483 
table of diameters and spacings with 
nearest whole number of divisions, 
464 
Circular arc, radius of from span and rise, 266 
arcs, compass for large, 266 
graphical method of finding length of, 
266 
table of lengths of, 459 
segments, table of areas of, 465 
Circumferences and areas of circles, binary 
divisions, table of, 482 
decimal divisions, table of, 477 
of integral circles, table of, 470 
of small fractional circles, table of, 481 
Cisterns, table of capacity of round, 200 
Clamp shaft couplings, table of, 236 
Clearances, chart of American Railroad, 
269 
Clippings and notes, filing, 268 
Cloth gears, see Gears, cloth. 
Clutches, claw, correct construction of, 164 
friction, chart for axial thrust in cone, 163 
for dimensions of, 161 
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Cluches, correct and incorrect construction 
of cone, 162 
formula for axial pressure on cone, 162 
for horse-power of, 160 
and table for the Scotch coil, 164 
for separating force in expanding 
ring, 162 
the Lane, 164 
limiting angle in cone, 162 
table of dimensions of expanding ring, 
160 
Coal, chart of loss of, due to scale in steam 
boilers, 360 
of loss of, due to uncovered steam 
pipes, 376 
Coals, table of analysis and heating value of 
American, 360 
Cock, the Westinghouse plug, 244 
Columns, table of safe loads for hollow cast 
iron, 419 
for wood, 420 
of ultimate strength of hollow cast iron, 
418 
Compass for large circular arcs, 266 
Compressed air, see Air, compressed. 
Condensing water for steam engines, formulas 
and table for, 381 
Cone pulley, 75 
arithmetical solution of, 79 
construction to prevent the climbing 
tendency of the belt, 77 
finding speeds when ratio is given, 75 
graphical solution of, 75 
slide-rule solution of, 78 
table of ideal speed ranges of, 80 
the high power, 77 
pulleys and back gears, 75 
Copper, brass and aluminum bars, table of 
weights of, 344 
iron and brass wire, table of weights of, 
339 
plugs, use of as a measure of energy of 
hammer blows, 2098 
sheets and strips, S. A. E. specifications 
OES AIDS 
spheres, table of weights of, 340 
table of weights of sheet, 341 
Cotton rope, see Rope, cotton. 
Countershafts, speed of with cone pulleys, 76 
-weights, center of gravity of, 404 
Coupling, the Hooke universal, 260 
Couplings, table of cast-iron flange, 235 
of cast-steel flange, 235 
of clamp shaft, 236 
tables of flexible shaft, 236 
Covering for steam pipe, a cheap and effec- 
tive, 376 
Coverings for steam pipe, table of efficiencies 
of various, 376 
Cranks, formulas for dimensions of ball, 237 
reducing the overhang of, 4 
Cross-rails, design of, 3 
-sections, A. S. M. E. standard for 
drawings, 267 
Cubes and cube roots, table of, 470 
of binary fractional quantities, table of, 
481 


488 


Cupleather hydraulic packing, friction of, 207 
table of dimensions of, 207 
Cutters of coarse pitch, design of milling 
machine, 306 
Cutting speeds, Taylor’s for tools in cast iron, 
304, 306 
for tools in steel, 302 
Cylinders, formulas and chart for thickness of 
hydraulic press, 205 


Decimal equivalents of binary fractions, 
table of, 468 
of fractions other than binary, tables of, 
468, 409 
Design, mechanical principles of, 1 
Diameters and speeds, chart of, 285 
table of circumferential speeds, revolu- 
tions and, 466 
Diaphragms, formula for effective balancing 
area of, 264 
Dies and punches, clearances for, 238 
table of clearances for, 241 
punches and punch holders, table of, 241 
table of dimensions of round, 239 
Differential mechanisms, 402 
Dovetails and T-slots, 233 
slides and gibs, table of, 234 
Drilling for balance, table of depth of hole for 
weight of metal removed, 254 
machine arms, radial, design of, 3 
power constants for, 274 
machines, chart of horsepower required 
to drive, 277 
Drills, speed of twist, 271 
tap for A. S. M. E. standard machine 
screws, 189 
for U. S. standard thread, 186 
for pipe threads, rot 
twist, charts for torque and end thrust 
when drilling cast iron, 274, 276 
steel, 275 
power constants for, 270 
Driving fits, see Fits, driving. 
Drum cams, see Cams, drum. 
Drums, a superior construction of hoisting, 
136 
hoisting, attachment of chains to, 146 
Durability as affected by equal length wear- 
ing surfaces, 1 


Eccentric, action of the shifting on the slide 
valve, 377 
rod construction, 232 
Ellipses, laying out approximate, 265 
Energy expended and loss of velocity, chart 
of, 74 
of moving bodies, formulas for, 404 
of one pound at various velocities, 
charts of, 73 
Engine, automobile, table of pressure on 
bearings of, 10 
gas, formulas for dimensions of parts of, 
383 
table of pressure on bearings of, 8 
of probable brake horsepower of, 382 
weight of fly-wheels for, 382 
steam, areas of ports and pipes in, 374 
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Engine, steam, calculation of approximate 
steam consumption of, 363 
chart of drop of pressure in pipe lines 
for, 375 
for, of loss of coal due to uncovered 
pipe lines for, 376 
of mean forward pressure in, 365 
of velocity and pressure on main 
bearings of, 360 
construction of piston valves for, 372 
cylinder cover joints for, 372 
dimensions of main driving belts for, 
368 
formulas and chart for dimensions of 
snap piston rings of, 370 
for drop of pressure in pipe lines of, 376 
and table for condensing water for, 
381 
for the dimensions of various parts, 
306 
for drop of pressure in pipe lines of, 
376 
joint without packing for cylinder 
covers, 372 
power calculations of, 365 
Reynold’s rule for main bearings of, 
368 
table of actual expansion ratios in, 366 
of economy of various types, 363 
of horse-power per pound of m. e. 
Pp-, 366 
of pressures on bearings of, 8 
of mean forward pressure in, 365 
of stresses in frames of, 360 
of useful steam per horse-power of, 
363 
weight of fly-wheels in, 368 
Epicyclic gears, see Gears, planetary 
Expansion, by heat, table of coefficients of, 
348 
Eye and yoke rod ends, table of dimensions 
of, 242 
bolts, chart for strength of, 427 
Eyes, lifting, 422 
chart for strength of, 427 


Face cams, see Cams, face. 
plates, number of slots in, 234 
Factor of safety in steam boilers, 351, 357 
Factors and relations of 7, 434 
of numbers, table of prime, ro2 
Fahrenheit and Centigrade thermometer 
scales, conversion formulas 
345 
to Centigrade thermometer scale, con- 
version table for, 346 
Falling bodies, laws of, 403 
tables of velocities, heights and time of 
fall, 402 
Fans, method of determining power required 
to drive, 295 
tables of power required to drive Sturte- 
vant, 295, 206 
Feed water for steam boilers, chart of saving 
due to heating, 358 
Feeds, speeds and volumes of cut, chart of, 
286 


for, 


Feeds, and speeds in average practice, chart 
of, 304 
Herbert’s cube law of, 304 
Fellows system of gear teeth, dimensions of, 
89 
Filing notes and clippings, 268 
Film lubrication, see Bearings. 
Fits, driving, table of Brown and Sharpe 
practice in allowances and tolerances 
for, 250 
journal, table of General Electric Co.’s 
practice in allowances and _toler- 
ances for, 250 
press, chart of allowances for, 247 
of hub stresses in, 248 
lubricant for, 248 
table of Brown and Sharpe practice in 
allowances and tolerances for, 250 


running, chart of British standard 
tolerances and allowances for run- 
ning, 246 


table of Brown and Sharpe practice in 
‘allowances and tolerances for, 250 


sliding, press and shrink, chart of 
General Electric Co.’s allowances 
for, 249 


table of Brown and Sharpe practice in 
allowances and tolerances for, 250 
table of C. W. Hunt Co.’s practice in 
allowances and tolerances for, 251 
taper press, the C. W. Hunt Co’s., 249 
the Westinghouse, 245 
Fittings, formulas for the resistance of pipe, 
376 
for high pressure hydraulic work, 209 
pipe, chart of stresses in bolts of, 225 
for high pressure air, 225 
table of Abendroth and Root flanged, 
223 
of A. S. M. E. standard flanged, 224 
of bursting strength of standard 
screwed, 219 
of cast iron screwed, 223 
of standard flanged, 219 
Flanges, table of high pressure hydraulic 
pipe, 227 
Flexible couplings, tables of, 236 
Floor plates, construction of cast iron, 265 
Flues and tubes for steam boilers, table of 
properties of, 358 
Fly-wheel, the Allis-Chalmers power house, 
67 
the Allis-Chalmers band saw mill, 65 
the Hinkley, 65 
the Mesta Machine Co.’s, 64 
the Newton, 66 
Providence Steam Engine Co.’s band, 71 
the Westinghouse, 66 
the Stanwood band, 68 
joint, the Fritz, 68 
the Haight, 68 
of high efficiency, 68 
Fly-wheels, beam action in, 64 
cast in one piece, formulas for arms 
of, 64 
coefficient of steadiness of, 70-72 
construction of, 64 


Fly-wheels, chart for centrifugal stress in, 62 
design of band, 68 
dimensions of hollow arms of, 99 
formula for bursting speed of, 63 
for centrifugal stress in, 62 
for gas engines, weight of, 382 
for steam engines, weight of, 368 
for high speeds, 64-60 
for intermittent work, charts for use in 
calculating, 73-74 
having joints at points of contrary 
flexure, 64 
for intermittent work, 70 
limiting low velocity of belt driven, 70 
method of failure of those having flanged 
joints, 64 
percentage of weight in rim and arms, 70 
regulating power of, 70, 72 
table of Benjamin’s bursting tests of, 65 
of coefficients for calculating regulat- 
ing power of, 72 
of safe speeds of cast iron, 66 
of shrink links for, 69 
of velocities at center of gyration, 74 
Force fits, see Fits, press. 
Foundation bolt washers, 244 
Fourth powers of binary fractional quanti- 
ties, table of, 481 
Fractional quantities, binary, table of cubes 
of, 481 
of fourth powers of, 481 
of squares of, 481 
Fractions, binary, addition of, 267 
binary, table of decimal equivalents of, 
468 
other than binary, tables of decimal 
equivalents cf, 468, 469 
Frames and supports, 5 
for steam engines, table of stresses in, 369 
Friction clutches, see Clutches, friction. 
gears, see Gears, friction. 
Fritz fly-wheel joint, the, 68 
Functions, the division of, 3 


Gage numbers, table of areas of wire, 483 
the standard decimal, 197 
U. S. standard for sheet and plate iron 
and steel, 197 
Gages, snap, design of, 4 
table of nine different wire and sheet 
metal, 196 
Westinghouse method of abandoning 
sheet and wire, 194 
wire and sheet metal, 194 
Gallon, U. S. and British compared, 429 
Gas engine, see Engine, gas. 
Gear box construction, 84 
boxes, typical arrangements and exam- 
ples of, 84 
cases should have air vents, 118 
Gears, back, correct ratio of, 7 
for electric motors, correct ratios of, 83 
for motor drives, table of, 84 
table of planetary, 83 
bevel, chart for reducing number of 
teeth to equivalent number of 
spur teeth, 109 
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Gears, bevel, chart for reducing number of 
teeth to equivalent spur face, 108 
formulas for dimensions and angles of, 
103 
Lewis formula for strength of, 106 
needed shop dimensions of, 106 
selection of from stock lists, 106 
strength of, by calculation, 106 
by graphics, 106 
table of dimensions and angles of, 104 
tooth profiles of, 106 
bronze, strength of, 96 
cloth, strength of, 96 
epicyclic, see Gears, planetary. 
friction, chart for horse-power of, 111 
construction of bevel, 112 
materials of, 110 
table of coefficient of friction in, 110 
of contact pressure in, 110 
helical, chart for number of cutter to be 
used, 121 
choice of helix, angle of, 123 
durability and efficiency of, 119 
explanation of principles of, 122 
of 45 deg. helix angle on shafts at 
right-angles, table of, 120 
by calculation, 119 
by graphics, 122 
of any helix angle on shafts at right 
angles by calculation, 121 
by graphics, 125 
at any angle by calculation, 125 
with helices of different hands, 127 
relation of worm gears and, 119 
speed ratio in, 122 
table of real diametral pitches of, 126 
herring-bone, strength of, 96 
miter, table of dimensions and angles of, 
107 
planetary, velocity ratios of various com- 
binations, 128 
rawhide, strength of, 96 
spiral, see Gears, helical. 
spur, approximate tooth outlines of, 89 
Brown and Sharpe formulas for cut, 88 
chart for arms of, 98 
for strength of, 95 
dimensions of teeth, Brown and Sharpe 
system, 90, OI 
Fellows’ system, 89 
of hollow arms of, 99 
engravings of full size teeth of, 93 
that failed in service, table of dimen- 
sions of, 96 
formulas for arms of, 97 
for various parts of, 99 
Lewis formula for strength of, 92 
Marx’s formula for strength of, 94 
generation of involute profiles of, 87 
Grant’s odontograph for epicycloidal 
teeth of, 92 
for involute teeth of, 89 
interference of involute teeth of, 87 
limiting speed of, 96 
modified involute profiles of, 87 
with shrouded teeth, strength of, 94 
strength of by calculation, 92 
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Gears, spur, strength of by graphics, 92 
stub teeth for, 88 
table of multipliers for finding diam- 
eter from pitch, 90 
of pitch diameters from circular 
pitch and number of teeth, too 
of systems of involute, 87 
of tooth parts by circular pitch, 90 
by diametral pitch, 91 
width of face of, 99 
worm, admissable temperatures of, 117 
cases for should have air vents, 118 
chart for load capacity of, 118 
of circular pitch, table of pitch diam- 
eters of, 114 
cutting diametral pitch, 114 
durability and efficiency of, 114 
formulas for Brown and Sharpe 
standard, 113 
for load capacity of, 117 
helix angle in relation to durability 
and efficiency of, 114 
high efficiencies obtained by, 116 
interference in, 113 
load capacity of Hindley, 117 
relation of pressure and velocity of, 
117 
table of change gears for cutting 
diametral pitch, 114 
of circular and normal pitches of, 
II5 
of tooth parts by circular pitch, 90 
thread profile of, 113 
General Electric Company’s dimensions of 
ring-oiled bearings, 25 
practice in allowances and tolerances for 
journal fits, 250 
for sliding, press and shrink fits, 249 
in the design of bearings, 12 
in oil-retaining grooves for bearings, 26 
in water-jacketed bearings, 25 
Geneva stop, the, 261 
Geometrical progression of speeds, 75 
calculation of, 79 
chart of, 75 
table of, 80 
German silver, S. A. E. specifications for, 335 
Gibs and slides, table of dove-tail, 234 
Gilding metal, S. A. E. specifications for, 335 
Gravity, center of, of irregular figures, 
graphical methods of finding, 404 
of plane figures, 404 
of counter weights, 404 
laws of falling bodies, 403 
specific, and weight of metals, table of, 
339 
table of velocities, heights and times of 
falling bodies, 402 
Grinding limits, table of Brown and Sharpe, 
250 
machines, design of, 3, 5 
Guide, the narrow, 2 
Gyration, table of velocities at center of in 
flywheels, 74 


Haight fly-wheel joint, the, 68 
Hammer blows, measuring the energy of, 297 
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Handles, chart for dimensions of machine 
tool, 237 
tables of dimensions of, 239 
Hand wheels, formulas for dimensions of, 237 
Head of water in feet converted into pounds 
pressure per square inch, 198 
Heads of steam boilers, area of to be stayed, 
353 
formulas for thickness of bumped, 352 
table of areas to be braced, 354 
conversion formulas between ther- 
mometer scales, 345 
tables between thermometer scales, 346 
between kilogram-calories and British 
thermal units, 347 
table of coefficients of expansion by, 348 
of melting-points of metals and other 
substances, 348 
of transmission of through tubes, 348 
treatments for steel, list of, 332 
Heating feed water for steam boilers, chart of 
saving due to, 358 
Heights of fall and velocities due to time, table 
of, 402 
due to velocities, table of, 402 
Helical gears, see Gears, helical. 
springs, see Springs, helical. 
Herringbone gears, see Gears, herringbone. 
Hindley worm, see Gears, worm. 
Hoisting drums, see Drums, hoisting. 
hooks, 422 
charts for dimensions of, 424, 425 
rope, see Rope. 
Hook universal coupling, the, 260 
Hooks, hoisting, 422 
charts for dimensions of, 424, 425 
Horse-power of steam boilers, table of heating 
surface for, 349 
Hunt Co., C. W. practice of the, in allowances 
and tolerances for fits, 251 
Hyatt roller bearings, 30, 40, 47 
Hydraulic constants, table of, 198 
grade line, 204 
packing boxes, 207 
friction of, 208 
of cup leather, 207 
high pressure, 207 
table of dimensions of cupped leather, 
207 
pipe flanges, table of high pressure, 227 
table of Pelton Water Wheel Co.’s, 
220 
press cylinders, formulas and chart for 
thickness of, 205 
rams, formulas and chart for thickness 
of, 206 
rams, table of water delivered by, 213 
swivel pipe joints, high pressure, 211 
valves and fittings, high pressure, 209 
Hydraulics and hydraulic machinery, 108 
Hyperbolic logarithms, table of, 438 


Heat, 


Idler pulleys, 53 

Index rings, design of, 3 

India rubber, properties of, 426 
Indicator paper, metallic, 268 
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Inertia, moment of, formulas for, arr 
of irregular figures, graphical methods 
of finding, 405 
of rectangles, table of, 412 
Inter-coolers for air compressors, construc- 
tion, formula and chart for area of, 
395 
for air compressors, the Nordberg, 395 
Tron, brass and copper wire, table of weights 
of, 339 
cast, see Cast iron 
spheres, wrought and cast, table of 
weights of, 340 
table of weights of sheet, 341 


Jarno taper, table of the, 230 
Joints, chart of percentage of plate strength 
of steam boiler, 357 
construction of knuckle, 233 
formulas for strength of steam boiler, 351 
for high-pressure super-heated steam 
pipe, 226 
pipe, for high-pressure air, 22 
high-pressure hydraulic, 225 
for steam boilers, charts of dimensions 
for riveted, 359 
for steam engine cylinder covers without 
packing, 372 
swivel pipe for high-pressure hydraulic 
work, 211 
table of dimensions of knuckle, 241, 243 
of high-pressure hydraulic flanged, 227 
the Van Stone pipe, 226 
the Walmaco pipe, 226 
Journals, see Bearings. 
fits, see Fits, journal. 


Kennedy key, the, 48 
Key ways, chart of weakening effect of on 
shafts, 49 
table for dimensioning of on drawings, 
50 
Keys, illustrations and tables of customary 
and improved forms of, 47 
Kilogram-calories and British thermal units, 
conversion table for, 347 
Kingsbury thrust bearing, the, 28 
Knobs, chart for dimensions of machine tool, 
237 
table of dimensions of cross, 239 
Knots, pitches and bends, 134 
table of efficiency of, 135 
Knuckle joints, construction of, 233 
table of dimensions of, 241, 243 


Lathe beds, design of, 3, 4, 5 
tools, chart for pressure on when cut- 
ting cast iron, 272 
for pressure on when cutting steel, 273 
Lead and pitch of screws and worms, 185 
plugs, chart of compression of, under 
falling weights, 299 
use of as a measure of the energy of 
hammer blows, 297 
table of compression of, under falling 
weights, 297 
spheres, table of weight of, 340 


Leather packing, friction of hydraulic cup, 
207 
table of dimensions of hydraulic cup, 207 
Legs, machines should have three when pos- 
sible, 5 
Lever, rock, equal division of vibration of 
link for, 262 
Levers, table of dimensions of rock, 243 
Lifting eyes, 422 . 
chart for strength of, 427 
Limits, table of Brown and Sharpe grind- 
ing, 250 
Link Belt Co.’s ball expansion drive stud, the, 
263 
silent chain drive, data for the design 
Of ei 5t 52 
motion, action of the, 378 
laying out the, 378 
work, laying out, 263 
Links, equal division of vibration of, for 
rock arms, 262 
Loads, power constants for moving heavy, 296 
Lock washer standard, the S. A. E., ror 
Logarithms, table of, 435 
hyperbolic, table of, 438 
Lubricant for press fits, the Westinghouse 
248 
Lubrication, see also Bearings. 
of ball bearings essential, 30 
of bearings, proper point for the intro- 
duction of oil, 13 
breaking down point of film 14 
chart for design of bearings to secure 
film, 15 
conditions of film in bearings, 13 
effect of film on wear of bearings, 14 
of thrust bearings, film, 28 


Machine cutters, chart of number of teeth in 
milling, 307 
of coarse pitch, design of milling, 306 
parts, minor, 230 
strength of, 410 
screw heads, table of A. S. M. E. stand- 
ard, 190 
screws, table of A. S. M. E. standard, 189 
of tap drills for, 189 
tools, method of calculating motor 
capacity for, 283 
table of power required for machine 
in groups, 291, 292 
of sizes of motors for, 280 
Machines, table of sizes of motors for wood- 
working, 284 
Malleable cast iron, see Cast iron, malleable. 
Mandrels, tapers for split ring expanding, 232 
Manganese bronze, see Bronze, manganese. 
Manilla rope, see Rope, manilla. 
Massachusetts rules for strength of steam 
boilers, 349 
Materials of construction, 
strength of chief, 410 
weights of, 339 
Mathematical tables, 434 2 
method of extending the range of, 434 
Measures and weights, 429 
U.S. and British compared, 429 


table of the 


Measures and weights, British metric conver- 
sion tables, 430 
the case against the metric system, 429 
Mechanical advantage, rules for, 402 
powers, 402 
principles of design, 1 
Mechanics, 402 
Mechanisms, differential, 402 
Melting points of metals and other substances, 
table of, 348 
Mesta Machine Co.’s fly-wheel, 64 
Metallic indicator paper, 268 
Metals and other substances, table of melting 
points of, 348 
table of specific gravity and weight of, 
339 
Metric conversion tables, 430 
system, abstract of the case against the, 
429 
thermal units, conversion table between 
British and, 347 
Milling cutters, chart of number of teeth in, 


307 

machine cutters of coarse pitch, design 
of, 306 

machines, charts of power required to 
drive, 278 


power constants fOF°275 
Minor machine parts, 230 
Mixed numbers, method of finding squares of, 
459 
table of squares of, 460 
Moment of inertia, formulas for, 411 
of irregular figures, graphical methods of 
finding, 405 
of rectangles, table of, 412 
Morse silent chain drive, data for the design 
of, 150 
taper, table of the, 231 
Motion, laws of uniformly accelerated, 404 
graphical expression of uniformly accel- 
erated, 404 
Motor capacity for machine tools, method of 
calculating, 283 
Motors for centrifugal fans, tables of sizes of, 
295, 296 
for machine tools, table of sizes for, 280 
for machine tools in groups, 291, 292 
for presses, table of sizes of, 284 
table of ratings of adjustable speed with 
pulley and gear diameters, 290 
pinion sizes and speeds, 290 
pulley sizes and belt speeds, 288 
table to assist selection of belt drives, 
289 
for wood-working machines, table for 
sizes of, 284 
Moving heavy loads, power constants for, 296 
Mule pulley stands, laying out, 55 


Narrow guide, the, 2 
Newton Machine Tool Company’s construc- 
tion of thrust bearings, 27 
Nickel chromium steel, see Steel, nickel. 
see Steel nickel, chromium. 
vanadium steel, see Steel, nickel chrom- 
ium vanadium. 
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Nordberg construction of poppet valve, 
379 
inter-cooler for compressed air, 395 
key, the, 47 
Norton running balancing machine, the, 256 
Notes and clipings, filing, 268 
Nozzles, cast iron for steam boilers, 354 
Numbers, method of finding squares of mixed, 
459 
table of pirme factors of, 102 
of squares, cubes, square and cube 
roots, 470 
of squares of mixed, 460 
Nuts, bolts and screws, 185 
interference of split, with screws, 192 


Odontograph, Grant’s for epicycloidal gear 
teeth, 92 
for involute gear teeth, 91 


Packing boxes, correct construction of, 374 
friction of high-pressure hydraulic, 208 
for high-pressure hydraulic work, 207 
friction of hydraulic cup leather, 207 
high-pressure hydraulic, 207 
hydraulic, table of dimensions of cupped 
leather, 207 
Paper, metallic indicator, 268 
Parts, machine, strength of, 410 
minor machine, 230 
Pawls, silent, 235 
Pelton Water Wheels Co.’s hydraulic pipe, 
table of, 229 
Pi (x), table of factors and relations of, 434 
various approximations of, 434 
Pillars, see Columns. 
Pins, taper, correct use of, 232 
table of reamer drills for, 233 
Pipe, charts for collapsing, strength of, 218, 
219 
covering, steam, a cheap and effective, 
376 
table of efficiencies of various, 376 
equation or equalization of, 218 
fittings, chart of stress in bolts of flanged, 
225 
formula for the resistance of, 376 
for high-pressure air, 225 
resistance of, to the flow of water, 202 
standard flanged, 219 
table of Abendroth and Root flanged, 
223 
of A. S. M. E. standard flanged, 224 
of bursting strength of standard 
screwed, 219 
of cast iron screwed, 223 
flanges, table of high-pressure hydraulic, 
227 
formula for bursting strength of, 215 
formulas for collapsing strength of, 216 
thickness of cast iron, 219 
joint, the Rapieff, 221 
the Van Stone, 226 
the Walmaco, 226 
joints, 220 
for high-pressure air, 225 
high-pressure hydraulic, 225 
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Pipe joints, for high-pressure super-heated 
steam, 226 
swivel, for high-pressure hydraulic 
work, 211 
lines, chart for the flow of water in, 204 
chart for friction of compressed air in, 
304 
of drop of pressure in steam, 375 
for loss of coal due to uncovered, 
376 
formula for drop of pressure in steam, 
376 
graphical method of making calcula- 
tions for the flow of water in, 202 
precaution in laying, 204 
for steam, inclination of, 376 
table of loss of heat, from covered 
and uncovered, 377 
table of loss of head by friction of 
water in, 203 
markings, A. S. M. E. Standard, 226 
U. S. Navy standard, 228 
table for the equation of, 220 
for the equation of double extra strong, 
221 
of extra strong, 221 
of Abendroth and Root, black spiral 
riveted, 222 
of actual internal diameters of extra 
and double extra strong, 204 
of bursting test pressures of com- 
mercial standard, 217 
of dimensions of British, 216 
of commercial drawn standard, 
extra strong and double extra 
strong, 215 
of length of commercial for one square 
foot of surface, 216 
of Pelton Water Wheels Co.’s, hy- 
draulic, 229 
of test pressures of commercial drawn 
standard, extra strong, and double 
extra strong, 217 
tables of American Water Works Asso- 
ciation standard cast iron, 221, 222 
threads, table of British standard, 216 
tap drills for, r9z 
Pipes and ports of steam engines, 374 
Piston rings, formulas and chart for dimen- 
sions of, 370 
rod ends, taper for steam hammer, 232 
valves for steam engines, construction of, 
372 
Pistons and valves for air compressors, 
construction of, 396 
Pitch and lead of screws and worms, 185 
Planers, table of motors for, 287 
Planetary gears, see Gears, planetary. 
Planing machines, design of, 5 
Plates, construction of cast iron floor, 265 
flat, formula for thickness of cast iron, 370 
formulas for strength and deflection 
of, 421 
thickness of, in steam boilers, 356 
number of slots in face, 234 
for steam boilers, table of allowances for 
overweight of, 350 
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Plates, table of weight of steel, 344 
Plug cock, the Westinghouse, 244 
Plugs, use of lead and copper as a measure of 
energy of hammer blows, 297 
Pneumatic tools, table of consumption of 
compressed air by, 398 
Polygons, table of angles of regular, 466 
of formulas and constants for the compu- 
tation of, 464 
of sides and angles of, 457 
Poppet valve, correct construction of the, 379 
effective pressure on, 264 
lift for given opening, 380 
Ports and pipes of steam engines, 374 
Power constants for centrifugal fans, 295 
for drilling machines, 274 
for milling machines, 275 
for moving heavy loads, 296 
for punching and shearing, 293 
for twist drills, 270 
requirements of machine tools in groups, 
291, 292 
Powers and roots, square and cube, table of, 
470 
fourth, of binary fractional quantities, 
table of, 481 
mechanical, 402 
Press fits, see Fits, press. 
Presses, chart of cutting capacity of, 300 
cutting capacity of power, 299 
table of sizes of motors for, 284 
Pressure of air at various altitudes, table of, 
387 
area of poppet valves, effective, 264 
of atmosphere measured in various units, 
198 
equivalents in ounces per square inch, 
and inches of water and mercury, 
383 
on lathe tools when cutting cast iron, 
chart of, 272 
when cutting steel, chart of, 273 
per square inch converted into feet 
head of water, 198 
required to drive rivets, 294 
Prime factors of numbers, table of, 102 
Principles of design, mechanical, r 
Progression of speeds, geometrical, 75 
Prony brake, see Brakes, Prony. 
Providence Steam Engine Co.’s band fly- 
wheel, 71 
Pulley arms, chart for the dimensions of, 60 
nuisance, radical cure for the loose, 61 
a self-oiling loose, 6r 
stands, laying out mule, 55 
Pulleys, cone, see Cone pulleys. 
correct and incorrect design of over- 
hung, 60 
methods of parting split, 58 
crown of, 60 
formulas for dimensions of cast iron, 58 
guide, as substitutes for quarter twist 
belts, 53 
idler, 53 
correct arrangement of, 53 
strength of, 58 
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Pulleys, tables of arcof contact of belts on, 53, 
289 
of comparative capacities, of those of 
different materials, 53 
of dimensions of cast iron, 59 
of the bursting strength of, 61 
Pump, the air-lift, 399 
charts of economy tests of, 399 
Pumps, charts of power and capacity of water, 
214 
the consumption of compressed air, by 
direct acting, 398 
Punch and shear frames, 422 
Punches and dies, clearances for, 238 
table of clearances for, 241 
dies and punch holders, table of, 241 
table of dimensions of, 239 
Punching and shearing, charts and tables of 
work and pressure in, 294 
power constants for, 293 


Quarter twist belts, see Belts, quarter twist. 


Rack for bar stock, dimensions of, 244 
Railroad clearances, chart of American, 269 
Rails, cross, design of, 3 
Rams, formulas and chart for thickness of 
hydraulic press, 206 
table of water delivered by hydraulic, 
Dilige 
Raw-hide gears, see Gears, raw-hide 
Reciprocals, table of, 470 
Reciprocating parts, balancing of, 257 
Reed taper, table of the, 231 
Relations and factors of z, 434 
Revolutions, table of diameters, circumferen- 
tial speeds, and, 466 
Rings, piston, formulas and chart for dimen- 
sions of, 370 
Rivets, pressure required to drive, 294 
for steam boilers, properties of materials 
for, 355 
table of unit strengths of, 350, 351 
Rock arms, correct and incorrect design of, 5 
equal division of vibration of links for, 
262 
laying out, 263 
table of dimensions of, 243 
Rod construction, eccentric, 232 
ends, table of dimensions of, 242 
taper for steam hammer piston, 232 
Roller bearings, see Bearings, roller. 
Rollers for cams, table of dimensions of, 243 
Roots and powers, square and cube, table of, 
470 
the factoring or successive approxima- 
tion methods of extracting, 456 
table of factors for the factoring method 
of finding, 456 
Rope and belt drives, comparative first cost 
of, 131 
brakes, see Brakes, rope. 
cotton, table of horse-power of, 133 
driving, differences between American 
and British practice in, 131 
efficiency of, 144 
limiting speeds in British practice, 132 


Rope driving, most economical speed in, 
131 
multiple and continuous wrap systems 
compared, 131 
table of tensions on slack part, 132 
of sag between pulleys, 132 
horse-power of, 132 
knots in, 134 
leather and steel belts, table comparing, 
on 
Manilla, grade of, for use in power trans- 
mission, 132 
relative first cost of as related to the 
speed, 131 
sheaves, chart for the arms of, 60 
cross-sections of grooves in, 132 
limiting diameters of, 132 
splicing Manilla, 133 
wire, 135 
table of efficiency of hoisting blocks, 133 
of horse-power of Manilla, 132 
of working loads on Manilla for hoist- 
ing, 133 
wire, durability of, 137 
table of dimensions and loads on, 
138-141 
Rubber, India, properties of, 426 
Running fits, see Fits, running. 


Safety, factor of in steam boilers, 351, 357 
valves for steam boilers, rules for, 351, 
361 
Scale in steam boilers, chart of loss of coal 
due to, 360 
Schiele curve thrust bearings, 29 
Screw heads, table of A. S. M. E. standard 
machine, 190 
thread, formulas and table of Acme 
standard, 187 
formulas and table of A. S. M. E. 
standard machine screw, 189 
of British Association standard, 187 
of British or Whitworth standard, 
187 
of international and French metric 
standard, 188 
of U. S. or Seller’s standard, 187 
of S. A. E. standard, 186, 188 
table of constants for the? bottom 
diameters of U. S. standard, 188 
of British standard pipe, 216 
of tap drills for A. S. M. E. standard 
machine, 189 
of tap drills for pipe, ror 
of tap drills for U. S. or Sellers 
standard, 186 
the V, 185 
Screws, friction of, 185 
interference of, with split nuts, 192 
lead and pitch of, 185 
machine, table of A. S. M. E. standard, 
189 
nuts and bolts, 185 
table of dimensions of collar head jig, 240 
of headless jig, 240 
of knurled head jig, 240 
of locking jig, 240 
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Screws, table of dimesions of square head jig, 


240 
of winged jig, 240 


Secants and cosecants, table of natural, 450 
Sections, A. S. M. E. standard cross for draw- 


ings, 267 
Segments, table of areas of circular, 465 
Sellers’s formula for belts, 52 
Sellers standard bolts and nuts, 186 
standard T-slots, 234 
taper, table of the, 231 
Shaft coupling, the Hooke universal, 260 
couplings, table of cast steel flanged, 235 
of clamp, 236 
of flanged cast iron, 235 
of flexible, 236 
Shafts, chart for hollow, 44 
for strength of, 42 
for torsion of, 44 
of weakening effect of keyways on, 49 
critical speed of, 44 
end play of, 26 
hollow, 43 
torsion of, 43 
formulas for strength of, 42 
tables of friction of, 47, 48 
friction load of line and counter, 292 
Sheaves, chart for the arms of rope, 60 
for rope driving, cross section of grooves 
in, 132 
limiting diameters of, 132 
for wire rope, table of limiting diameters 
of, 138 
Shear and punch frames, 422 
and tension, combined, 420 
Shearing and punching, charts and tables x 
work and pressure in, 294 
power constants for, 293 
Sheet iron, table of weight of, 341 
metal gages, see Gages, wire and sheet 
metal. 
Shipper for belts, improved, 57 
Shrinkage of castings, table of, 410 
Shrink fits, see Fits, shrink. 
Shrouded gears, see Gears, shrouded. 
Silico-manganese_ steel, see Steel 
manganese. 
Sines and cosines, table of natural, 444 
Siphon, the, 212 
Slide valve, laying out the, 376 
table of friction of the, 379 
Slides and gibs, table of dove-tail, 234 
Sliding fits, see Fits, sliding. 
Solution, blueprint, 268 
for blackening zinc for cam templates. 
Specific gravity and weight of metals, table 
of, 339 
of wood, table of, 339 
Speeds, chart for finding g eeometrical ratio of,75 
circumferential, table of diameters, 
revolutions and, 466 
and diameters, chart of, 285 
and feeds in average practice, chart of, 304 
Herbert’s cube law of, 304 
feeds and volumes of cut, chart of, 286 
geometrical progression of, 75 
for tapping and threading, 305 


silico- 
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Speeds, Taylor’s for cutting tools in cast 
iron, 304 in steel, 302 
Spheres, steel, wrought and cast iron, copper, 
brass and lead, table of weight of, 
340 
table of surfaces and volumes of, 469 
Spiral gears, see Gears, helical. 
springs, see Springs, helical. 
Springs, the Cary process of tempering, 183 
common defects in, 183 
elliptic, chart for deflection of, 181 
for strength of, 180 
formulas for strength and deflection of, 
178 
grades of steel proper for, 182 
flat, formulas for strength and deflection 
of, 178, 182 
helical, the design of double and triple, 
175 
formula for the deflection of conical, 
175 
in tension and compression, chart for 
deflection of, 177 
for strength of, 176 
fiber stress, 174 
formulas for strength and deflec- 
tion of, 174 
in torsion, chart for deflection of, 179 
for strength of, 178 
fiber stress, 175 
formulas for strength and deflection 
of 75 
phosphor bronze for, 184 
preliminary graphic design of, 174 
pressure on cams, equalizing, 173 
tempering, 182 
for use in salt water, 184 
Westinghouse, practice with, 183 
Sprockets for crane chains, laying out, 145 
for Ewart chains, laying out, 148 
for roller chains, laying out, 151 
Spur gears, see Gears, spur. 
Squares of binary fractional quantities, 
table of, 481 
of mixed numbers, 
459 
of mixed numbers, table of, 460 
and square roots, table of, 470 
table of the largest which can be ob- 
tained from round stock, 456 
Standard Tool Co’s., taper, table of the, 
231 
Stay-bolts for steam boilers, table of loads 
of maximum allowable pitches for, 353 
Stays and stay-bolts for steam boilers, table 
of stresses in, 354 
Steam boilers, see Boilers, steam. 
hammer piston rod ends, taper for, 232 
pipe joints, high-pressure super-heated, 
226 


method of finding, 


pipe lines, chart of drop of pressure in, 


375 
formula for drop of pressure in, 376 


chart for loss of coal due to uncovered, 


376 
inclination of, 376 
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Steam pipe lines, table of loss of heat from 
covered and uncovered, 377 
table of properties of saturated, 362 
Steel bars, table of weights and areas of square 
and round, 342 
castings, table of physical and chemical 
properties of, for the U. S. Navy, 
318 
S. A. E. specifications for, 325 
carbon, S. A. E. specifications for, 322 
chromium, S. A. E. specifications for, 330 
chromium-vanadium, S. A. E. specifica- 
tions for, 330 
for cutting tools, table of carbon per- 
centages in, 319 
digest of modern practice in composition, 
use and treatment of, 315 
forgings, table of physical and chemical 
properties of, for the U. S. Navy, 
318 
list of heat treatments for, 332 
nickel, S. A. E. specifications for, 325 
chromium vanadium, 330 
octagon and hexagon bars, 
weights of, 340 
plates for steam boilers, table of allow- 
ances for over-weight of, 350 
for poppet valves, S. A. E. specifications 
for, 332 
for resisting shock, 319 
for screw stock, S. A. E. specifications 
for, 324 
silico-manganese, S. A. E. specifications 
1ore332 
spheres, table of weight of, 340 
for steam boilers, 349 
boilers, properties of, 354 
standard test piece for, 349 
table of representative specifications of 
for various purposes, 317 
of flat roll, hoop or band strips, 344 
of weights of flat sizes of, 341 
plates, table of weights of, 344 
sheet, table of weight of, 341 
Step bearings, see Bearings, thrust. 
Stock rack for bars, 244 
Stop, the Geneva, 261 
Stud, the ball expansion drive, 263 
Studs for cam rolls, table of dimensions of, 
242 
Strength of chief materials of machine con- 
struction, table of, 410 
Struts, design of, 5 
Stuffing boxes, see Packing boxes. 
Substitutes for quarter twist belts, 54 
Surfaces, equal length wearing, 1 
cases to which they do not apply, 2 
equalized wearing, 2 
and volumes of spheres, table of, 469 
Supports and frames, 5 


table of 


Tangents and co-tangents, table of natural, 
439 
Tanks, capacity of horizontal cylindrical, 
full and partly full, 199 
table of capacity of vertical cylindrical, 
200 
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Tap drills, see Drills, tap. 
Taper bolts, Baldwin Locomotive Works 
standard, 192 
per foot and corresponding angle, table 
of, 232 
pins and their correct use, 232 
table of reamer drills for, 233 
press fits, see Fits, taper press. 
for split ring expanding mandrels, 232 
for steam hammer piston rod ends, 232 
table of the Brown and Sharpe, 230 
of the Jarno, 230 
of the Morse, 231 
of the Reed, 231 
of the Sellers, 231 
of the Standard Tool Co.’s, 231 
of total from taper per foot, 232 
Tapping and threading, speeds for, 305 
Teeth in milling cutters, chart of number of, 
307 
Tension and shear combined, 420 
Test piece for steel for steam boilers, stand- 
ard, 349 
pieces, A. S. T. M. standard, 416 
Thermal units, conversion table between 
British and metric, 347 
Thermometer scales, conversion formulas for, 
345 
conversion tables for, 346 
Threading and tapping, speeds for, 305 
Thrust bearings, see Bearings, thrust. 
Ties, design of, 5 
Tobin bronze, see Bronze, tobin. 
Toggle joint, thrust in, 403 
Tolerances and allowances for fits, table of 
Brown and Sharpe’s practice in, 25 
of C. W. Hunts Co.’s practice in, 251 
for journal fits, table of General Electric 
Co.’s practice in, 250 
for running fits, chart of British standard 
for, 246 
for rough turned shafts, Brown and 
Sharpe practice, 249 
Tools, cutting, chart for pressure on lathe 
when cutting cast-iron, 272 
when cutting steel, 273 
definitions of elements of, 301 
formulas for pressure of chip on, 270 
general laws of pressure on, 270 
Herbert’s cube law of for, 303 
table of carbon percentages in steel 
for, 319 
Taylor’s forms for, 301 
speeds for in cast iron, 304, 306 
in steel, 302 
method of calculating motor capacity 
for machines, 283 
table of power for machine in groups, 
291, 292 
of sizes of motors for machine, 280 
Torsion members, tubular, 3 
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Transmission of heat through tubes, table of, 
348 
Trigonometric functions, table of natural, 439 
T-slots and dovetails, 233 
and fixtures, adapter for, 234 
Sellers standard, 234 
Tubes (except boiler tubes), see Pipe. 
and flues for steam boilers, table of 
properties of, 358 
for steam boilers, properties of material 
for, 355 
the resistance offered by expanded, 360 
Tubing, S. A. E. specifications for limits of 
size and thickness, 336 
table of weight of seamless brass, 340 
Tubular torsion members, 3 


Universal coupling, the Hook, 260 


Van Stone pipe joint, the, 226 
Valve, poppet, correct construction of the, 
379 
effective pressure area of, 264 
lift for given opening, 380 
slide, laying out the, 376 
table of friction of the, 379 
Valves and pistons for air compressors, 
construction of, 396 
piston, for steam engines, construction 
of, 372 
safety, for steam boilers, rules for, 351, 
361 
for high-pressure hydraulic work, 209 
Velocities and heights of fall due to time, 
table of, 402 
due to heights of fall, table of, 4o2 
Volumes of cut, speeds and feeds, chart of, 286 
and surfaces of spheres, table of, 469 


Walmaco pipe joints, the, 226 
Washers for foundation bolts, 244 
S. A. E. Lock standard, 191 
Water, chart for the flow of, in pipes, 204 
for the spouting velocity, discharge 
and horse-power of jets, 199 
charts of power required to pump, 214 
condensing for steam engines, formulas 
and table for, 381 
feet head of converted into pounds pres- 
sure per square inch, 1098 
the flow of, in pipes, 198 
fundamental formula for the flow of, 198 
formulas for flow of, in pipes, 200 
graphical method of making pipe-line 
calculations for flow of, 202 
precaution in laying pipe lines for, 204 
prevailing velocity of, in pipe lines, 201 
resistance of pipe fittings to the flow of, 
202 
table of loss of head by friction in pipe, 
203 


Water, table of theoretical spouting velocity 
and discharge through orifices, 200 
of weight, volume and pressure of, 198 
Wear as affected by equal length wearing 
surfaces, I 
Weights of brass, copper and aluminum bars, 
table of, 344 
of flat sizes of steel, table of, 241 
of flat roll strip, hoop or band steel, 344 
of iron brass and copper wire, 339 
of metal removed by drilling, table of, 
254 
of metals, table of specific gravity and, 
339 
and sectional areas of square and round 
steel bars, 342 
of seamless brass tubing, table of, 340 
of sheet iron, steel, copper and brass, 
table of, 341 
of spheres of steel wrought iron, cast- 
iron copper, brass and lead, table of, 
340 
of steel hexagon and octagon bars, 340 
plates, table of, 344 
of wood, table of specific gravity and, 339 
and measures, U. S. and British com- 
pared, 429 
Westinghouse fly-wheel, the, 66 
lubricant for press fits, 248 : 
method of abandoning wire and sheet 
metal gages, 194 
plug cock, the, 244 
practice in making babbitt bearings, 21 
with oil grooves in bearings, 23 
with springs, 183 
running balance machine, the, 253 
standard bore finishes for babbitt bear- 
ings, 22 
taper press fits, 245 
Wheels, fly-, see Fly-wheels. 
formulas for dimensions of hand, 237 
Whitworth standard screw threads, 187 
Wire gage numbers, table of, areas of, 483 
gages, see Gages, wire and sheet metal. 
rope, see Rope, wire. 
table of weights of iron, brass and copper, 
339 
Woodruff key, the, 49 
Wood, table of specific gravity and weight of, 
339 
-working machines, table of sizes of 
motors for, 284 
Worm gears, see Gears, worm. 
Worms, see Gears, worm. 
Wrenches, formulas for dimensions of tap, 
238 
tables of dimensions of, 236, 239 
Wrought iron spheres, table of weight of, 340 


Yoke and eye rod ends, table of dimensions 
of, 242 
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